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A

The successful interdiction of second-echelon forces

ﬁf

is inextricably tied to the close-in battle and it is also

4;.

&
L]

a problem that overlaps into the joint service arena.
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Today's weapon systems and the intro>duction of new svstems

gy

developed to capitalize on interdiction missions make it
more likely that U.S. forces will prevail over any aggressor,.
As an infantry officer, the author was interested in provid-
ing an evaluation of hcw the combination of air sorties and
Army missiles might influence movement of a motorized rifle

division on a hypothesized three-route march.
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/ Abstract
\

“iSecond—echelon interdiction is closely tied to the
close-in battle. In reality, it is part of the integrated
battle which says that all means are used to fight the battle
at all distances. The objective of this research effort was
to examine what effect the combination of air sorties and
Army missiles would have against a motorized rif” division
(MED) moving on a hypothesized three-route marct A portion
of a selected East German road network was chos as the
hypothesized area through which an MRD would be aveling

on its way to a release point.

A model of a MRD broken down into 44 units was con-
structed using the SLAM computer simulation language. Units
were broken down to battalion size, with a few exceptions.

A flight of two aircraft is used to interdict the road on
which convoys are traveling. Once a convoy is blocked by

the air strike, a retargeting is conducted against the convoy
using a generic Army missile loaded with wide-area anti-
armor munitions (WAAM). Both the sortie interdiction and
missile attack were modeled explicitly using Monte Carlo

simulation.
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STOPEM: A SIMULATION INTERDICTION MODEL

OF A MOTORIZED RIFLE DIVISIOX

I Introducticn

A topic of general interest that has sparked much
attention recently is the outcome of a possible general war
in Europe. Since the United States maintains its largest
military contingent outside its continental borders as part
of its commitment to NATO, the possibility exists for a mili-
taryv confrontation between NATO and the Warsaw Pact that
would involve the two superpowers. While a general war
brings visions of worldwide destruction involving the nuclear
arsenals of both superpowers, one scenario woula keep the
conflict at a conventional level within NATO.

The system of war, with its many interactions, has
three escalatory levels above conventional war: (1) chemical-
biological (C-B), (2) tactical nuclear, and (3) strategic
nuclear. While no one can predict when and how C-B or
nuclear weapons would be used, the rational person would
argue that use of these weapons would probably be preempted
by use of conventional weapons to decide a conflict or con-
ventional superiority could force negotiations. As part of
this same rationale, the fact that both sides possess one
or both capabilities would be a deterrent for either side

1




to employ them first. Understanding the Warsaw Pact's con-
ventional forces' vulnerabilities and weaknesses within
this system context is essential to stopping them convention-
ally so that the next threshold of war is not breached.
Although this is one possible scenario, another one in the
literature, "A Selective Nuclear Policv Strategy in Europe:
A Selective Targeting Doctrine?’”, mentions the use of Warsaw
Pact selective targeting through use of chemical and/or
nuclear munitions to facilitate capturing Europe relatively
intact, since their conventional forces are equipped to
operate in a chemical or nuclear environment (Ref 19).

While little is openly published about Soviet doc-

trine, The Offense (A Soviet View) discusses employment of

naclear weapons as an extension of firepower combin=d with
maneuver (Ref 53:v,vii-viii). Because of this lack of
information, little is known atout Warsaw Pact doctrine.
On the other hand, more is being written in U.S. military
journals about targeting and employment of nuclear weapons
to interdict enemy forces while they are deep in their
territory (Ref 30:2-6, 33:2, 57:35). While the Soviet's
military force is capable of overwhelming conventionally
any adversary, with the added capability for employment and
operation in a C-B and nuclear environment, the U.S. has
responded to this threat with increased technological
enhancements in equipment and weapons and with more of a

willingness to possibly use nuclear weapons to offset the
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{f? numerical oviet advantage. The clear danger exists that
;3? if a confl:ct starts conventionally, the side that is frus-
{
ii; trated first or feels that it is losing the initiative
E;E might escalate into the next level of war. Once the war
\f escalates into the nuclear environment, the costs to both
vif sides might far outweigh the gains.
i&: Within the last 10 yvears, the U.S. Army has examined
- how to fight the next war. This examination has stemmed
;E: from the misunderstanding of Field Manual (FM) 100-5, pub-
;35 lished in 1976, to its rewriting in 1982. The many articles
L
;; published in military journals have had a great influence

ZE: on the revision of this key FM. The study of adversaries'
;% weaknesses and strengths, and the questioning of U.S. doc-
Lvh trine, must continue if the Army and Air Force expect to be
é& ready to fight and win any future conflict. Because of the
E% introduction of manv new weapon systems now and in the near
.{n future (see Figure 1.1), Army commanders will have at their
Aﬁﬁ disposal the means to see and attack deep on the battlefield.
|£§ Systems such as the corps support weapon system (CSWS),
‘;3 ground-launched cruise missile (GLCM), multiple launch
ﬁ; rocket system (MLRS), and family of scatterable mines (FASCAM)
jg? give the commander a capability to attack near and far tar-
jgé gets. Other systems such as all-source analysis system
7;3 (ASAS), tactical satellite (TACSAT), stand-off target
E%$ acquisition system (SOTAS), and tactical fire direction
;; (TACFIRE) provide the detection means and the integration
{1
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capability for emplovment of all weapon systems. Having
the weapons without the means to effectively employv them
reduces their worth. Combined, all systems in Figure 1.1
present a formidable capabilitv. However, owing to war's
complexities, a need exists to examine how these numerous
svstems will interact and how they will damage or delay
attacking forces.

Figure 1.2 is a graphical representation of the
Warsaw Pact second-echelon threat. As the figure shows, the
enemy units are deployed to achieve depth and dispersion.
Not only is the bunching of units prevented, but the majority
of the forces are uncommitted to exploit success or reinforce
other enemy formations. The echelonment of forces is an
exploitable weakness upon which NATO must capitalize if the
likelihood of victory on the battlefield is to be increased.
While "echelonment is neither axiomatic nor uniform,"” this
thesis assumes an attack on NATO would use the idea of
echelonment (Ref 4:40). General Starry, former Training and
Doctrine Commander (TRADOC), keyed on the importance of
echelonment of forces. He stated that the Warsaw Pact
keeping a significant portion of its forces uncommitted
allowed it to retain the advantage of the initiative to
commit at its choosing either to reinforce success or to
bypass friendly forces. Furthermore, to upset the Warsaw
Pact plan, this initiative must be taken away from the Warsaw

Pact and then retained by NATO to gain victory (Ref 57:34).

3TN Q)




Cilemmang o ol commenlat ny 2.2 iolhyence’
C3¥S iCerps suprat weapon sysle—

GLUM (Groang-iaumcred cruse Mg

MLRS (Multiple launch rocket sistem

FASCAM (Family of scatterabie tmines)

Fig 1.1.

ATAS G -sourLe analyys Syitem froons g
Ery (Renaely prioteg verle,

TACSAT (Tactica! saterni

SOTAS (Stand-off targel 350 sition gys5tem)
TACEIRE (Tactical fre cirection)

A Substantial Step Toward Future

Capabilities (Ref 57:33)

The

Second-Echelon

Fig 1.2,

j '.‘_\J.'-‘.

o .
SR PGPRRALG TS 1 ORI

The Second-Echelon Threat
(Ref 57:35)

P A S y

P Y A VS )

e g% R
{x{".‘ o z

~

N

R A T '_‘-_;1
N ANt e A e a vatava

-



. g . . ¢ . . B
e By W B W, g WP aTe T T T T e e Lt et et T “ PO T T T

D)

L2

Y

2

.Eﬁ A simulation model of second-echelon interdiction
2¥} would give some insights about interdiction capability as
ifﬂ well as providing possible answers to how long enemyv forces
:i could be kept out of a sector and what their combat power
= would be upon their arrival at the point of commitment. A
oL simulation model of interdiction of second-echelon forces
:é_ would give policv makers an evaluation tool to determine

N where possible conventional interdiction shortfalls might
fﬁx exist. An analytic approach to addressing this problem was
Ef not considered because the system being examined is large,
?i complex, and stochastic. Thus, simulation can best be

ﬁi employed to provide insights to this particular problem.

ég Having a credible, conventional interdiction capability

* should lower the U.S. nuclear response. However, the uncer-
Ei tainty of the Warsaw Pact initial response, or its response
ii if thwarted in any attack, still remains.

o=

Problem Statement

P |
lrl
s

Aok

.

I;ﬁ What is the structure of the interdiction subsystem
‘:% contained within the overall system of conventional war,

‘;f how can this particular subsystem be captured in a dynamic
‘ig model, and how can this model be used to evaluate specific
}é policies? More specifically:

.js 1. What are the significant relationships in Corps-
%E directed aircraft sortie interdiction of terrain-restricted
ey roads and the effects on second-echelon forces moving

187

through the road network interdicted?
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2. How wonuld a reloock capability that enables

retargeting of the interdicted point with missiles loaded
with wide area anti-armor munitions (WAAM) reduce the combat
power of delayed units or increase their delay time?

3. How can these relationships be incorporated intc
a model that will enable military planners to evaluate
capabilities and effectiveness of selected conventional

munitions against second-echelon threats?

Objectives

The primary objective of this research is to provide
a validated model of interdicting a selected road network
in East Germany to gain insights into how long a Warsaw Pact
motorized rifle division (MRD) could be delayed from being
committed into a corps sector and what its combat power
would be upon reaching its destination. Intermediate
objectives are:

1. Develop a basic model containing a typical MRD
broken into battalion-size units making a 100 kilometer (Km)
road march on three separate routes.

2. Add an interdiction scheme that shows how these
effects alter the MRD's arrival and combat power, where
combat power refers to its main fighting systems (armor,
infantry, artillery).

3. Verify and validate the model.

4. Use the model to evaluate effects of aircraft and
missile sortie allocation on the MRD.

7
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System Structure

This research is directed at understanding and
modeling the flow of convoys through a road network and how
to impede their flow so that their arrival into a corps
sector would either be delayed for a short time with high
losses, be delayed for a long time with low losses, be
delayed for a long time with high losses, or not be affected
at all. The ideas above represent four possible enemy force
statuses of combat capability. For example, if a force
could not be delayed out of sector for as long as a pre-
specified time, say 12 hours, then a possible acceptable
alternative might be to keep it out less time, but with a

reduced percentage of combat vehicles, such as tanks, infan-

try, and artillery, by diverting more assets to interdiction.

To achieve such goals requires that all resources be effec-
tively integrated on any future battlefield so that the

likelihood of success is increased.

Background

To set the problem in perspective, a description of
the integrated battlefield is given first. A corps sector
is described and an explanation of how the Corps commander
views the battlefield is given. Also, the conduct of the
integrated battle is described along with how deep attack
affects enemy force arrivals at the forward line of own
troops (FLOT). Next, an examination is made of the last
decade's questions about Army doctrine. Specifically, the

8
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debate is traced that questions how the Army will fight the
rext war and what the implications are of the active

defense.

System Description. Figure 1.3 is a causal loop

diagram that depicts the complex interactions of deep attack.
Such diagrams are used in system analvsis as tools to
graphically represent and to aid in visualization of the
system structure and key relationships. Feedback between

or among relationships denotes that one relationship can
influence another. However, even when relationships do
exist, feedback may not exist. Connections between variables
are depicted as solid lines with an arrow-tipped end that
either has a positive or a negative sign. A positive sign
indicates that an increase in one variable will result in an
increase of another variable in the same loop. A minus sign
denotes that increasing one variable will decrease the other
one at the arrow tip. By multiplying all the signs within a
loop, a net sign is obtained. A positive net sign indicates
a positive or reinforcing loop. An outside type of control
prevents a continued increase of relationships when acted
upon by some external influence. The relationships within
the loop continue increasing unless restrained by this
external factor. On the other hand, a negative or goal-
seeking loop tends toward equilibrium or a balance when

acted upon by an outside element. The net effect of this

process is that causal loop diagrams aid the models during
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the development phase by assisting in conceptualizing and
formulating keyv relationships. Thus, a better system under-
standing is the result.

Figure 1.3 shows part of the complexities associated
with deep attack. As the figure shows, interdiction of red
forces decreases blue's interdiction resources, but
increases red equipment destruction, red delay, red target
acquisition, diversion of red assets, red vulnerability, red
attrition, and blue's reconstitution time. As the figure
also shows, these same variables affect other variables
within the loop. For example, attrition can have an affect
on destruction, delay, or disruption. But, destruction,
delay, or disruption also affect red attrition because as
convoy elements are destroyed, delayed, or disrupted on
their routes of march, they present better targets. This
bunching of vehicles on the roadway increases red's vulner-
ability as well as facilitating acquisition. One fallacy
with stating that target acquisition is always improved is
that terrain masking may make it more difficult to detect
targets. So in actuality, target acquisition and other
variables could be decreased due to an inability to see
targets. This is a function of such variables as terrain,
degree of cover, time of the year, weather, and detection
equipment.

A portion of a corps sector was selected for this

problem as being the area where an MRD would penetrate the
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sector and become the concern of the commander. Also, this

same sector is part of an overall area of interest being
examined to provide insights to the CSWS office, Fort Sill,
Oklahoma. Figure 1.4 shows the whole corps sector organiza-
tion. A brief explanation follows of the key elements on
the figure as well as tying them to the concept of the
extended battlefield.

Briefly stated, the extended battlefield idea is a
more descriptive term that captures how to view the battle-
field in terms of time, space, enemy forces, friendly forces,
and weapons emplovment. Enemy forces are to be engaged while
not in contact to frustrate their command and control, and
to strip away their initiative. Secondly, all current
actions are interrelated in time in that plans for the close-
in battle as well as attack of follow-on forces are tied to
winning at the FLOT. Finally, the integrated assets of
"higher level Army and sister services' are carefully
employed in interdicting the battlefield (Ref 57:32). The
key point is to carefully employ all assets and resources so
that interdicting deep targets is tied to the close-in
battle.

As enemy forces penetrate the corps sector and are

located about 96 hours out from the FLOT, they are within

.
-

the corps area of interest. Within this area the commander

e

/

must monitor enemy movement so that he can determine what
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forces could affect his future operations. The decision to

interdict is made here.

Closer in exists the area of influence where the

commander is also capable of acquiring the fighting enemy

+

units with assets organic to or in support of his command.

For instance, a division may be maneuvering units against

the second-echelon regiments of the first-echelon division.
In order to increase the chances of success against the enemy
forces and prevent their being reinforced by second-echelon
divisions, the second-echelon divisions would have to be
destroyed, delayed, or disrupted for a prespecified period
of time and/cr decreased level of combat power. This is an
area where intelligence estimates and advance planning would
pay off. Tables 1.1 and 1.2 show areas of influence and
interest as functions of level of command and time distance

from the FLOT in hours.

TABLE 1.1

Areas of Influence

Distance from FLOT

Level of Command

(time in hours)

Brigade 0 to 12
Division 0 to 24
Corps 0 to 72
(Ref 16:53)

14
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TABLE 1.2

Areas of Interest

Distance from FLOT

Level of Command (time in hours)
Brigade 0 to 24
Division 0 to 72
Corps 0 to 96

(Ref 16:53)

The remainder of Figure 1.4 depicts the location of
friendly forces. The point where the forwardmost friendly
elements, the covering force, are located is defined as the
FLOT. From the FLOT back to the forward edge of the battle
area (FEBA) is designated the covering force area (CFA) where
the corps covering force (CF) will provide early warning to
the forces in the main battle area (MBA) about the enemy's
intent and direction of main attack, "to develop the situa-
tion, and to delay or defeat the enemy's leading fighting
force” (Ref 30:10-8). As the battle develops in the CFA,
commanders make fincl preparations in the MBA. Also, as the
CF fights back to the MBA, the CF hands the enemy over to
the forces in the MBA, where the majority of the fighting is
anticipated as taking place. Consequently, it is in the
MBA where the majority of friendly units are located.
Finally, the rear area is to the immediate rear of the rear

boundary of the MBA, where command and control elements,

15
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reserve, and support units are Jocated. This quick, simpli-
fied description of how a corps sector is organized. is more
complicated than explained. Howevel, the points covered are
the highlights.

As Figure 1.5 shows, the advancing enemy force moving
in is detected and engaged in the area of interest. Within
this area, the enemy forces are subjected to attack by all
available resources. The result of continued interdiction
all along its movement path toward the FLOT combined with
maneuver create the result in Figure 1.6. Finally,

Figure 1.7 shows the reconstituted FEBA, after destruction
of the first-echelon forces. The reconstituted FEBA is
better prepared to engage the new units entering or that

have entered corps sector.
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A plot of this effect of interdiction is shown in

Figure 1.8. The upper portion of the plot of enemy front-
line strength against time shows that no interdictiorn allows
the enemy forces to maintain a fairly constant density of
forces at the FLOT. This translates to more combat power

to maintain the initiative and to overwhelm the friendly
force. The bottom curve shows the effect of interdiction
and attack. As interdiction destroys, delayvs, or disrupts
enemy forces, windows for action are created where a time
period exists that friendly-to-enemy force ratios are favor-
able to attack. It is within these windows created by inter-
dicting that maneuver and firepower will produce destruction
of enemy forces. This curve shcws why it is absolutely
necessary to destroy, delay, or disrupt any enemy forces
that could interrupt the maneuvering friendly units before
they get to finish their destruction mission. The resul+ts
from the figure were generated from simulation comparisons
conducted by the Army's Field Artillery School, Fort Sill,

Oklahoma, of 1980 European corps battles (Ref 57:42).

Wit
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Fig 1.8. Why Deep Attack? (Ref 57:45)
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5{ Doctrinal Refinement. Two discernible periods of

;:' Army doctrine refinement can be traced from the writing of
ﬂsz FM 100-5 in 1976, to the time between its initial nublicu-
:Ei tion and its republication in 1982. The original FM version
o was ''notably flexible and deliberatelyv nonrestrictive”

::i (Ref 60:3). The active defense called for lateral movement
;: along the FEBA to achieve concentration of forces at the

. threatened point. Depth on the battlefield was achieved by
%ﬁi a series of delaying actions conducted all the way back to
%; the rear boundary. These actions were the maneuvers asso-
'if ciated with the active defense. Offensive action was inter-
:is preted to be practically nonexistent. At the rear boundary,
1%: the defense ended up being linear. "It was this rigidly

;:- limited form of defense which attracted most of the attention
;;ﬁ of critics and prompted the long series of debates which

E? still goes on." (Ref 60:3,4) Colonel Tate and Lieutenant

.:: Colonel Holder in their article, '"New Doctrine for the

"g; Defense,” went on to say that the doctrine in the FM 100-5
:ﬁi was interpreted to be dogmatic, when in fact it was supposed
-~ to be flexible and nonrestrictive. Hence, the ensuing debate
EE; and the eventual rewriting of this manual.
'ﬁi The author's perception is that a critical transition
o

;ii occurred with an enlightening article written by Colonel

5& Wagner, '"Active Defense and All That." Colonel Wagner gave
égz his astute conceptualization of how the active defense was
o

to be fought. Using his command, the 11th Armored Cavalry

19
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Regiment, as an example, he reintroduced offense into the

i‘ active defense. Through his example, he described his

H

fﬁ; command performing a covering force mission using all avail-
:ﬁi able assets, terrain, and maneuver to defeat an attacking

.}f force (Ref 63). The scenario and tactics he described

%ﬁf represent the essence of the active defense. This particular

article did more to crystalize the flexibility and intent of

active defense than any other article up to that point.

5;; The article by General Starry, former TRADOC com-

iﬁgs mander, entitled, "Extending the Battlefield," was a bench-
F:p mark in further clarifying the integration of all assets and
f§§? thought to the complete depth of the battlefield. Commanders
EEEE and staff had to view the battlefield as closely interrelated

parts of the close-in battle and deep battle. This careful
1“#3 integration of all assets in fighting the extended battle-
}ﬁ' field reminded all commanders that success in the close-in

battle was tied to the deep one (Ref 57).

é,_ Other journal articles before and since the Wagner
RN
~$Q and Starry articles also deserve some brief comment to
o
" reflect the breadth and intensity of attempting to clarify
Zf: doctrine and, in some cases, introducing innovative ideas.
SNy
D Articles such as Brittingham's, "Use the Lightning," describe
TR
ig an expanded role for attack helicopters to capitalize on
o
fy¢ their potency as very mobile anti-armor forces. The mobility
Z;ﬁ and flexibility in this weapon system gives the commander an
e
.: excellent counter penetration force. Other ideas include
o
G 20
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doctrinal questions previously discussed as well us articles

{’ by some Air Force authors from defining the mission of battle-
a: field air interdiction (BAI) to the effects of Europnean
N weather on round-the-clock air operations. In True's

article, "The Tourniquet and The Hammer," the author suggests
.}j in his title the analogyv of deep interdiction using two his-
torical raids on the Romanian oilfields at Ploesti (Ref 62).

Frizzo writes about some unique ideas in the rapid deploy-

?i ment of U.S.-based forces to Europe being used as infantry
;i} reinforced with an anti-tank capability. These forces

;; represent mechanized units or light infantry units deployed
;5 without heavy equipment to be employed against the second
éi echelon forces (Ref 22). Porreca advocated a rethinking of
;:J tactics to use the indirect apnroach as espoused by

;L B. H. Liddell Hart. One of his major points is that military
EE school students have becone so enamored of the most current
‘.? terminology to describe current doctrine that they are just
ii parroting the party line without offering any new insights

e

25 (Ref 48). An examination of the bibliography gives an indi-
:jf cation of some of the professional thought that has served
%é to enlighten, to question, to analyze, and to present ideas
E$ that are relevant to this crucial issue. This brief excur-
;éﬁ sion plus the synopsis of the following studies will serve
) to illustrate the intensity and concern being shown by mili-
; tary professionals and others in both branches of the service
(] and outside agencies.

T
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Air-Land Forces Apnlication (ALFA) Agency. head-
quartered at Langley Air Force Base, Virginia, is a joint
service organization examining the problems associated with
conduct of the deep battle. Since the Air Force possesses
more assets to conduct deep interdiction, to include second
echelon forces, both the Army and Air Force have had to
reexumine the doctrine of interdiction bevond the FLOT in the
Army's defined areas of interest and influence. Tradition-
ally, the Air Force had had almost exclusive say in what
was interdicted bevond a certain point in the battlefield.
But, now Army commanders want a bigger input in influencing
action in what has been traditionally an Air Force domain
because affecting the arrival of echeloned forces has a
direct impact on maneuver schemes in the close-in battle.
Since both services are working toward the same end, it is
desirable that better cooperation and compatible doctrine
exist between the services in order to purposefully employv
limited assets to get the greatest effect.

Two Army agencies that are also examining the problem
of second echelon interdiction are located at Fort Sill,
Oklahoma, and Fort Leavenworth, Kansas. Fort Sill is the
home of the Corps Supvort Weapon Systems (CSWS), a Department
of the Army task force. The group there is working with
Sandia National Laboratory and their network interdiction
model to evaluate nuclear strikes targeted against follow-on
forces. The model is a computerized simulation that depicts
real time movement of two Soviet divisions moving on two
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routes froum assembly areas into their objective areas. The

personnel working on the model are still adding refinements
to the model that will capture all the effects of strikes
of this nature. This work is ongoing at Sandia National
Laboratory, Livermore, California (Ref 14).

The Fort Leavenworth group, The Combined Arms Combat
Development Activity (TCADA) (Ref 42), is examining how
revived offensive capability in the form of maneuver is
affecting outcomes in the close-in battle. The ideas being
examined are similar to the ones put forth by Wagner in his
articles on the active defense. Results of these studies
stress the creation of lighter and more mobile units with
the capability to fight in a very dynamic battlefield
environment.

The level of interest in this second echelon inter-
diction problem extends to other agencies, student thesis
efforts, and numerous interesting articles in professional
journals. The DCUBE Model (Destroy, Disrupt, and Delay),
an Air Force analytical model developed for it by A. T.
Kearney, Inc., evaluates mobility disruption by air strikes
by both Blue and Red air forces against the opposing side's
ground forces. The model uses an Arrival Rate (AR) sub-
model to determine force arrival rates at the FLOT. These

results are then fed into the Ground Battle (GB) sub-model,

which uses a modified Lanchester Square Law in its simulation.
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The model's measure of effectiveness (MOE) is
battle outcome. Parametric studies were conducted to deter-
mine the model's sensitivity to weather effects and force
variations. Plots against time were then made that show
the arrival of reinforcements and combat forces remaining
on the battlefield for these parametric variations (Fef 59).
These model outputs verify the same results the Fort Sill
study obtained in Figure 1.8. "A Simulation of Second
Echelon Air Interdiction" is an AFIT student's thesis attempt
at correcting weakness in the DCUBE model to develc : his
own air interdiction model. Bennett identified weaknesses,
such as constant number of attacking aircraft, no incorpora-
tion of variance, and constant kill rates for airplanes and
trucks (Ref 59), that he thought should be corrected by his
formulation in an attempt to get a better representation of
interdiction. His thesis compares his model's arrival rate
output against results of the DCUBE model to arrive at
similar conclusions. Identified weaknesses in Bennett's
effort include the following: the second echelon forces
were modeled as trucks only and many replications are needed
to get results (Ref 5).

Dees' thesis (Ref 17) gives a good background dis-
cussion on second echelon interdiction, how similar problems
are being examined in the Army community, and on his recom-
mendation to apply Queueing-Graphical Evaluation and Review

Technique (Q-GERT) in the development of his proposed

24




'.I .
» [ 3
"ytits

.
4w

Model Q-STAR (Queueing supplement to STAR (Simulation of

Tactical Alternative Responses) combat model). He stresses

the utility of how Q-GERT can be readily used to model sec-

ond echelon forces in Q-STAR. This thesis sets a foundation
for later development of Q-STAR (Ref 17).

Interdiction Planning is an unnublished paner ob-

tained from Major Starner, formerly of CSWS at Fort Sill.
1his source discusses a general approach to interdiction
planning and then applies this methodologv to a particular
sector in Germany. This article reinforces General Starry's
message of practicing interdiction planning now with current
resources so that expertise is developed at all levels.
Targeting is examined for both division and corps levels
(Ref 54).

An examination of the remainder of the bibliograph-
ical references shows other articles, books, and studies on
work done by both Army and Air Force personnel. Included
are also works by other governmental agencies or contractors.
The level of interest displaved is indicative of the impor-
tance attached to the particular problem of second echelon

interdiction.

Methodology

A systems approach was the methodologv applied in
this research effort. Since the subsystem described pre-

viously is part of a large and more complex system, a
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~Eﬁ systems ayproach can best be used for this policy anulvsis

(G; because it aids in understanding the svstem more fully,

'ij The Systems Approach. By using the process described

%ﬁ by Schoderbek, Schoderbek, and Kefalas in Management Systems

iﬁ? Conceptual Considerations, a more complete understanding can

uf, be gained about that system so that the perceived nroblem or

NN

?E required policy to be studied can be isolated into its com-

'fﬂ ponent parts for analysis: ''the input(s), the process(es),
the output(s), and the feedback control” (Ref 50:14). A

{ j mathematical model can then be formulated to represent this

: isolated part of the system so that an analysis can be made

. e

»3? between feedback structures and svstem components as they

;Ei interact over time. Once the model is built, studies can

;:$ be conducted on the model to obtain insights on how changes

ji affect the system or to analyze new problems. The value of

;&} this effort does not lie solely in information obtained, but

.iz also in gaining insights about the system all during the

'Sa model development.

5{: Thus, systems analysis can provide a valuable tool

l:: in correctly specifying, delimiting, and understanding the

f& problem to be studied prior to time being wasted on answering

$t{ ‘

ge the wrong question.

réi Applied Methodology. How system analysis was used

ii in the research phase follows. Since second echelon inter-

?i diction is a subsystem of the main svstem of war, a narrowing

%; of the overall, general system was necessary to isolate key
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relationships essential to understanding how the subsyvstem
operates and interacts. A cyclic process was used through-
out the model development until the model was finally
accepted as an accurate system representation of the inter-
diction process. This iterative process was a constant, on-
going thing to insure system accuracy. Figure 1.9 depicts
this process as it relates to the simulation process.

Initial system conceptualization and ideas were
obtained on visits to the CSWS office at Fort Sill, Okla-
homa, and Sandia National Laboratory at Livermore, California.
Further readings and research aided in further understanding
the system process. From those efforts, system causal
relationships were developed.

A thorough map analysis of a road network in East
Germany identified choke points on the routes hypothesized
for movement of a motorized rifle division (MRD). From the
identified choke points emerged an idea of where to cut the
roads with general purpose bombs so that convoy passage
would be blocked. The MRD was selected as moving on three
separate routes to minimize the convoy length and to repre-
sent WP doctrine of maintaining unit dispersal. Unit
characteristics, such as number and type of units, tvpes of

vehicles, convoy lengths, were obtained from Opposing Forces

Europe (Ref 31). The terrain restricted points on the route
imply that the terrain restricts the movement of the units

to the roadway only because high ground to either side of
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- the road cvues not allow bypass. Also, selecting these

(;: restricted points included insuring that no other alternate
- roads in the immediate area would allow easyv routing around
-.i the obstacle. Targeting an area other than these points

would not impose appreciable delay or create unit bunching

because units could bypass the obstacle by going around it

]

a ". " "4 ".

E I At U

s

either by use of an alternate route that easily puts them

‘l ‘i 'l

e

back on their original route or by simply going off the

1. road and back on the road again. Once the convoys are

D )
ey

blocked, a relook and retargeting capability would allow for

v Y-ApA,

.
vt

retargeting of the area with one or more missiles loaded

4
Eg with wide area antiarmor munitions (WAAM{). This targeting
é: process should tell a commander where to make the necessary
‘:~ cuts so that he can destroy, delay, or disrupt the flow of
‘%; incoming enemy forces and thereby create a tactical situa-
é: tion that allows for destruction ot the first echelon while
? delaying the arrival of the second echelon. The above
éi implementation is described in subsequent chapters.
g Order of Presentation
{i The next six chapters present the implementation of
.Ei the research methodology, policy evaluation, and recommenda-
Eii tions for further research.
‘;? Chapter II is the model Description and Development.
EE Within it, key points discussed include how parameters were
E: developed, what assumptions were used, how the interdiction
”
¥
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was formulated, and how all parts of the modcl were inte-
grated.

The Simulation Model is next in Chapter III. Yithin
this chapter, how the model was computerzied is described.

Validation and Verification, Chapter IV, disucsses
the process of verifying the functioning of the model.

Data Collection, Chapter V, discusses experimental
design and sample size determination.

Chapter VI presents the data analysis for the experi-
mental design. Finally, Chapter VII presents the Conclusions

and Recommendations, and Recommendations for Follow-on Study.

Summary

Presented in Chapter T has been the problem, the
research question, a background on research, and the applied
methodology for this research project. Chapter II follows

with the model.
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‘iﬁi IT  System Structure

(e

Z;E The model STOPEM was developed to analvze the problem
ﬁﬁi stated in Chapter I. The purpose of this chapter 1s to pre-
:}. sent the methodology involved in developing the structure
;;i for STOPEM. The main components of this structure are:

o convoy movement, sortie attack, missile attack, damage assess-
}“ﬁ ment, and delay assessment. STOPEM's initial development

'35 consisted of modeling the physical convoy movement of the
Zfzi 44 motorized rifle division (MRD) units through three sepa-
{;; rate routes. Once the physical movement development was
=:$§ completed, the actual interdiction and damage assessment of
'33 the convovs were added. This particular method aided in
‘“f model verification. The following will trace the develop-
;ﬁi ment of these ideas.

iT: Convoy Movement

;ga Both Opposing Forces Europe (Ref 31) and Soviet Army
vé;; Operations (Ref 32) were consulted to obtain the necessary
.-3 information to build this initial portion of the model.

g;z Soviet Army contains the basic Soviet Doctrine on convoy

;E? movement, convov intervals, rates, and use of multiple
f}f routes to maintain dispersion. Appendix A of Opnvosing Forces
?ﬂ; lists descriptions of units from company to Warsaw Pact

iéi FRONT, their equipment, and personnel assigned.

‘;;ﬁ

RV 31

o

Lt e e

JAPUE VP D D -



o From Opposing Forces Europe (Ref 31), a MRD wuas

( Lroken out into 44 different units of approximately battal-
ion size. The exceptions to this breakdown are division
= headquarters (modeled as two entities--main and alternate,

both of equal size), the regimental headquarters (five),

. three anti-aircraft batteries, a target acquisition battery,
;2 and the services-rear security. Table 2.1 shows the break-
. down into the various elements, their route designation, and r
& the average length of the convoyv. The three anti-aircraft
55 batteries are detached from their regiment unit to provide
? air defense within the three columns. The only MRD unit not
ﬁ considered in this formulation is the division reconnaissance
;; battalion. This unit is omitted because it would be operat-
(: ing about 50 kilometers in front of the MRD (Ref 32:9-4).

E Thus, it would not be cost-effective to delay this unit

:? since it could radio back to the main force about blockages
. ahead and that would allow the MRD an early option to select
E@ an alternate route.

'g Sampling from a triangular distribution is conducted
~ for convoy rate, convoy length, and convoy interval because
5 variables are considered to be stochastic in nature. Since
:ﬁ data for these parameters in Soviet Army Operations (Ref 32)
% is given in minimum and maximum values, a triangular distri-
.k bution is selected as the sampling distribution because the
'g description of the process and the absence of real data fit
‘2 the circumstances when this distribution could be used. 1In
1&
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-t: TABLE 2.1
Motorized Rifle Division Units
Unit Average Length
Number Description Route (KM
1 1st MR Regiment Advanced Guard Blue 3.6
2 1st Regiment HQs. Blue 1.13
3 Tank Bn (-) Blue 1.35
4 MR Bn Blue 1.65
5 MR Bn (-) Blue 1.5
6 Services - Rear Security Blue 3.75
7 Tank Bn Blue 2.1
8 Division HQs (alternate) Blue 1.31
9 Target Acquisition Battery Blue 0.6
10 Artillery Bn (152 mm) Blue 2.4
11 Artillery Bn (122 mm) Blue 2.4
12 AAA Battery Blue 0.75
13 Anti - Tank Bn Blue 2.85
14 FROG Bn Blue 1.95
15 Transportation Bn Blue 7.65
16 2nd MR Regiment Advanced Guard Green 3.6
17 2nd Regiment HQs Green 1.13
18 Tank Bn (-) Green 1.35
19 MR Bn Green 1.65
20 MR Bn (-) Green 1.2
21 Services - Rear Security Green 3.75
22 Artillery Bn (122 mm) Green 2.0
23 Artillery Regiment HQs Green 2.25
24 AAA Regiment (-) Green 2.25
25 Engineer Bn Green 3.75
26 Signal Bn Green 2.25
27 MLRS Bn Green 2.7
28 Chemical Bn Green 1.65
29 Maintenance Bn Green 2.55
30 AAA Battery Green 0.75
31 Medical Bn Green 1.35
32 Tank Regiment Advanced Guard Red 2.25
33 Tank Regiment HQs Red 0.75
34 Tank Bn Red 1.5
35 Tank Bn (-) Red 1.2
Note: (-) = Unit minus some forces
33

I I I IT R B

"._ TIPS TR RO R D PRI T B T St I Y R - T e Ty T ¥ LR
AT AT AT, VORI A I AR R AN S A PR LA SO PO LG0T A R Rl G S S S




P I A I A B el Tt Nt S g

TABLE 2.1 (Continued)

Unit Average Length
Number Description Route (KM
) 36 Services - Rear Security Red 3.9
37 Division HQs (Main) Red 1.31
) 38 AAA Battery Red 0.75
e 39 3rd MR Regiment Advanced Guard Red 3.6
j: 40 3rd Regiment HQs Red 1.13
N 41 Tank Bn (-) Red 1.35
o 42 MR Bn Red 1.65
) 43 MR Bn (-) Red 1.5
- 44 Services (Div & Reg)-Rear
Security Red 5.55
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-7
:.: other words, a triangular distribution "is used when a4 most
i:. liekly value can be ascertained along with minimum and maxi-
:ﬁ: mum valu2s, and a piece-wise linear density function secms
55 appropriate” (Ref 49:30). The mode for the distribution is
- calculated as the average of the minimum and maximum values
;5j given. Once these three parameters are available, sampling
'§: can be conducted. A flexibility of this distribution is its
;. ability to vary the mode to meet changing conditions. For
;ﬁ example, the mode for the rate would be expected to decrease
éa over time because of the effects of degradation of road

i? surfaces and interdiction.
Ea Next, the parameters for convoy interval, rate, and
:33 length are obtained as follows. The minimum and maximum
?: values for the above parameters are obtained from Soviet
agi Army Operations (Ref 32:3-20,3-21). The interval between

t all units is taken to be between three and five kilometers,
"f with a mode of four. The exception is the advanced guard

é; element on a route. The interval between it and the main
{Eé body of the convoy is between 20 and 30 kilometers, with a
ii' mode of 25. A mixed convoy rate for daytime conditions is
Si' selected because a day road march is assumed. A day road
gi march is assumed due to constant convov movement forward.

{f The values for the minimum, mode, and maximum are 20, 25, and
"r 30 kilometers per hour, respectively. Minimum and maximum
;E convoy lengths are computed by multiplying the number of
??j vehicles in the convoy (discussed in subsequent paragraph)
_:g by the minimum and maximum interval between vehicles
o 35
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(25 and 30 meters, respectively) plus the minimum and maxi-

mum intervals between companies within a battalion (25 ana
50 meters, respectively). This method of computation
assumes a measurement interval from mid-vehicle to mid-
vehicle. Once these minimum and maximum unit lengths are
computed, an average value (the mode) is computed. This
value appears in Table 2.1 as the average length.

To compute unit minimum and maximum lengths, the
number of vehicles in a convoy has to be determined.

Opposing Forces Europe has what avpears to be an incomplete

listing of the number of vehicles under the MRD table

(Ref 31:A-12). For example, the engineer battalion has

385 personnel, but only 10 wheeled vehicles to carry these
personnel and equipment. This is resolved by going to
another page of the same appendix to find the same unit with
a complete listing of vehicles. In other cases, units listed
do not include any vehicles at all. In these cases, a
similar organization found under a separate listing is used
as a comparable substitute. For example, the data for the
medical battalion was found under divisional services for

the MRD. 1In Figure 2 of Soviet Army Operations, a regimental

headquarters is shown being augmented with another unit such
as a regimental artillery group. Since this revnresents a
particular attachment for combat and not a general case as

this model portrayvs, regimental headquarters in the model

36
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are portraved without special attachments. Of course,
having additional attachments implies that the unit length
parameters would increase. What these examples attempt to
portray is that exact figures for all units are not available
so cross checking made above is used to calculate the number
of vehicles. The sources examined represent the most com-
plete unclassified listing available.

All track vehicles (tanks (all types), infantry
fighting vehicles (BMP), self-propelled artillery pieces,
and engineer vehicles) and all wheeled vehicles (towed

artillery pieces, trucks, and reconnaissance vehicles) are

grouped into either track or wheeled vehicle categories.

Once total number of vehicles per unit is determined, unit
length is computed. For example, unit one has 57 track
vehicles and 32 wheeled vehicles. Units 1, 16, and 39 are
all advanced guard elements for three different motorized
rifle regiments. This element is a motorized rifle battalion
reinforced with an armor company, a reconnaissance company,
mortars, an engineer detachment, an artillery battery and
various combat support vehicles. To compute unit minimum,
maximum, and average lengths for this unit, the following

is done:

(number of vehicles)(minimum interval) +
(number of companies)(minimum interval)

min length

(89)(25) + (6)(25)

2375 meters

2.375 = 2.4 kilometers
37
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max length = (number of vehicles)(maximum interval) +
(number of companies)(maximum interval)

= (89)(50) + (6)(50)
= 4750 meters

= 4.75 ~ 4.8 kilometers

aziiige - Mminimum length + maximum length
length 2
- 2.4 + 4.8
2

= 3.6 kilometers

A similar calculation is done for all other units. Once all
intervals are calculated, convoy number plus values for
number of track and wheeled vehicles, unit lengths, and

unit rate characterize each convoy entity.

Convoy order on each route is established with an
advanced guard element at the head, with the remainder of
each regiment and other units behind it. The division main
and alternate headquarters are placed on separate routes
for redundancy. Combat service support elements are placed
to the rear of columns, and the main combat elements and
their controlling headquarters are placed toward the head
of each column.

Figure 2.1 is a static depiction of how convoy
movement is modeled and Figure 2.2 is a simplified road
network depiction. As mentioned earlier, this model assumes
a hypothesized three route move for a MRD. Figure 2.2 shows

the representation of the main route for each convoy. The

38
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E&ii numbers between rnodes (circles) represent the distunce in
ij? kilometers between these points. Convoyvs are assumed to
:;: have been moving for 50 kilometers prior to entering the
Gii road network of interest. These values were obtained on a
L visit to Sandia National Laboratory and at random verified
:{f using manual plotting on a military map of the area in

-

iﬁ: Germany. This is a simplified network because the extremely
- complex road network aivailable (other roads and forest

:?j trails) is not shown. Since this model assumes a hvpothe-
Eé sized travel route based on Warsaw Pact doctrine, these

::; routes are selected to approximate where convovs might

Sﬁ actually travel. Based on this route of travel, terrain-
\;i restricted points are selected for interdiction. In most
o

x\' cases, a node is a terrain restricted point.

%1? The convoys are modeled as having a head and a tail
ﬁf entity. The vehicles in between represent the time it takes
3?‘ for a convoy with all its elements to pass from one point
Egs to another point. This is referred to as passage time.

jéz Since the length of the convoy is stochastic, the vehicles'
Ef: distance in between the head and tail of the convoyv varies
_;if by a triangular distribution. The head of the lead unit in
,;i? each convoy starts at ''time now" (TNOW), which represents
ii; zero time. The tail of the convoy is computed to start

255 behind the head of the convoy at the time TNOW plus the unit
fﬁﬁ length divided by the rate. Dividing the unit length by the
:; rate, also drawn from a triangular distribution, converts

.\‘-

N a1

o
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the distance to time so TNOW can be added to it. All times
are in hours. Since the interval between convoyvs is also
stochastic, a sample taken from a triangular distribution
divided by the rate of unit one determines how far back the
second unit head is located. Adding this time (interval
between units divided by rate) to the time for the tail
element of the first convoy gives the starting time for the
head of the second convoy. As with convoy one, the loca-
tion of the tail element for convoy two is computed after
sampling frcm a triangular distribution with parameters for
unit two's lengths. This procedure continues until all
convoys are on the road with a head and tail entity. The
march rates for all convoyvs behind the first unit on each
route are adjusted to insure that the units finish in the
same order in which they start. Rates are adjusted by decreasing
or increasing the rate, depending on whether it is greater
or less than the lead rate. 1In actuality, the rate of the
lead unit determines the march rate for units following it
because failure to maintain a rate less than or equal to

the lead rate would create congestion or an accordion effect

on the vehicles.

Sortie Attack

The movement of the convoys in the preceding section

represents the steady state condition of the system under

study. The time to travel the portion of the network being
examined represents the time that the MRD would take without

42
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any impediments such as interdiction. This section will
outline how air interdiction might affect the steady state
time. Examining the system with interdiction will give
insights into how additional time delavs will affect arrival

times of convoys at the battle area. The difference between

L4

¢ ' a

the steady state time and the time with interdiction will

R R

el

represent the delay time. Also, the destruction of vehicles

»

3
‘J L4

.
—

computed as a result of interdiction represents the decrease

).t
w5

in combat power of the MRD.

A flight of two aircraft, each loaded with 12

WhAA

500-pound MK-82 general purpose bombs, renresents the strike

% mission. The assumption is made that the aircraft are

E: F4D/E, with a 6000-foot slant range, in poor combat condi-

‘: tions, using a dive toss bombi g run. Each aircraft is also
3 assumed to make one pass and drop all its bombs in pairs.

_E Figure 2.3 depicts the assumed pattern of impact. Consulting
: JEMM, Weapons Characteristics (Ref 39:1-184G), an unclassified
“: estimate was obtained on crater diameter for a MK-82 dropped
? on 12 inches of concrete with medium soil underlayer. JEMM

" says to treat roads as runwayvs. The crater estimate for

‘é this 12 inches of concrete was about 35 feet. Even though

? the road being modeled is not 12 inches of concrete, the

;E crater diameter of the bomb is assumed to be 30 feet. In

E reality, the crater diameters would probably be greater due
;S to the road material not being 12 inches of concrete. The

i intravolometer setting is assumed to be set so that the

s, A,.A, DR
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timing of release between bombs would give the puttern in

Figure 2.3. A 25-mil circular error probable (CEP) is also
assumed to arrive at & 150-foot CEP in the ground plane.
The 150-foot CEP was computed by using the relationship
that 1 mil at 1000 feet equals 1 foot. So, multiplyving the
slant range by the 25-mil CEP gives 150 feet.

Since the intention of this model is to capture
interdiction effects, and not aircraft interdiction, the
interdiction of the roads is modeled by determining the
probability of cutting an assumed 50-foot road width. To
gain an understanding of the geometry involved, a model was
built to examine the problem. This appears in Appendix B.
By varying different parameters, such as CEP, range error
probable (REP), deflection error probable (DEP), attack
angle, target width, and target length, an estimate was
obtained of the probability of cutting the assumed road for
1000 bomb drops. Next, a group of fighter pilots was con-
sulted about the reasonableness of the estimate obtained.
Conditions as outlined above were also presented to them.
Based on the geometry model parametric studies and these
conversations, the probability arrived at was 0.35. Thus,
based on the given conditions, roads are assumed to be cut
35 percent of the time by a two-aircraft sortie.

Another assumption made was that aircraft penetrate
the FEBA without loss. Also, enemy engagement of the

attacking aircraft is ignored, but partially considered

45




T TR U B PR A A R S N ROACATE

in the CEP calculation by assuming poor combat conditions.
A higher CEP allows for target area unfamiliarity and the
threat environment.

While a specific scenario is fixed for this study,
in reality the aircraft interdiction process is a complex one
that is full of wvariability and uncertainty. For instance,
each aircraft has its own system weaknesses and strengths,
pilots have different levels of proficiency, delivery condi-
tions are dependent on such factors as air speed, delivery
angle and target type, and the threat environment is such
that the probability of success of aircraft penetration,
target attack, and egress is decreased.

The total number of daily sorties available for the
corps sector is assumed to be 30. Considered was that a
percentage of aircraft would be nonoperational and that
about 10 percent of the total aircraft available would be
committed to other special missions. From the remaining
number of aircraft, an allocation has to be made of aircraft
to interdict this three-route move of the MRD. A further
complication involves knowing that the MRD under study is
probably one of several forces in the corps sector that
require interdiction such as Figure 1.2 depicts. Thus, the
allocation of sortie resources within the corps sector is
among competing activities. The actual basis for allocation
will involve the design of the experiment, to be discussed

in Chapter 1V.
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;}& Damuge Due to Sortie Attack
y ‘_"- ’
(“’ The convovs are assumed to be targeted at the head
i{ element. To simplify calculations of vehicles damaged due to
: the air strike, any vehicles within the radius of the bomb
- impacts are considered destroved. Because the majority of
:ii. targets bombed are hard targets (tanks), the assumption made
ﬁév is that bombing would kill at most one vehicle per pass.
.-1:.:
N So, a total of two vehicles are assumed killed. Once the
}i- destroyed vehicles are subtracted, the convoy length is
O
SN . .
e adjusted to reflect the loss in vehicles.
:Z-;C'
e Delay Due to Sortie Attack
‘;ﬁ An Algorithm for Determining Delays Imposed on Ground
-
s Forces L .e To Interdiction Air Strikes Revisited, Technical
p Paper 5-79 (Ref 3), was consulted to understand more about
ﬁa air interdictions and the effects on ground forces. Other
&{ papers examined include Minutes of an Exploratory Meeting on
n; Interdiction Study, AC 243, NATO Panel VII (Ref 46, NATO
{Ei RESTRICTED) and An Algorithm for Determining Delays Imposed
'.-\':
:§b on Ground Forces Due to Interdiction Air Strikes, Technical
:t Paper 3-79 (Ref 25, NATO RESTRICTED). These two references
v
f}‘ were used for background information.
- ‘-
L
j% TP 5-79 explains the "four mutually exclusive,
L S
éﬁé exhaustive delay events, with associated delay times defined
T
v, as follows:"
o
“E Heads Down Time (HD)--the initial reaction of the
o Red Force to Blue air attack.
1:;-:
# 30N 47
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ij‘ Damage Assessment Time (DA)--the time required

. for a commander to receive reports from his

bane subordinates, assess the situation, and then

{5, report to his higher headquarters.

;§§ Damage Control Time (DC)--the time required

A to treat personnel casualties (first aid) and

e recover damaged and/or slightly damaged

vehicles.

.f_ Impaired Movement Time (IM)--the time required

- to bypass craters and remove burning vehicles

"o and other obstacles from the road (Ref 3:1).

Ao

o This study does not calculate the individual times for the
$%: above four events. Instead, based on ideas obtained from the
S

{: NATO Panel study, an assumed distribution for delay time is
LEN

= used. If the convoy route is cut and block, sampling is made
A\

j; from a triangular delay distribution with minimum, mode, and
ﬁf maximum values of 30, 34, and 38, respectively. This time
i

- is in minutes. If the road is not cut, then a delay time is
'éﬂ still imposed to cavture the time associated with getting

AR

:? the convoy reoriented, reporting to higher headquarters, and
&f negotiating the road damaged by the strike. Sampling is made
o
‘Cf from another triangular distribution containing parameters
ASA

A for minimum, mode and maximum values of 10, 12.5, and 15,

N
e

. respectively. Triangular distributions are selected for the
P "

e same reason given in development of convoy movement para-

o meters.
_Lf Since the lead element of each convoy is a reconnais-
.?j sance element operating in front of the convoy at greater
O
S distance than the interval between the other units, inter-
>

- diction of this lead element allows it to radio back the

i
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iz resulting attack, whether successful or unsuccessful. The
X rest of the convoy is then assumed to take an alternate

;S route to bypass the obstacle or damaged road on the original
g; route. The lead element is assumed to be delaved by the

L amount required to repair and negotiate the obstacle and
?ﬁ continue on the original route. The idea is to continue

é; moving the rest of the force and minimize delayv or bunching
‘jn of vehicles as an obstacle is approached and negotiated.

5;: Ti.e lead element is not allowed to turn around and attempt
3%3 to resume its lead place in the vack. Convoys continue in
RN

?% the route specified without attempts to remerge them because
E; to merge remnants with the original convoy requires waiting
Eg time for some part of the convoy. This is considered

fv unrealistic given that Warsaw Pact doctrine requires con-
E: stant movement forward.

g& If the lead element is not interdicted, but allowed
'? to pass on, then the next element of the convoy will be

‘Eg bombed. By allowing the reconnaissance element to go on
'EE uninterdicted, the main column presents a bigger target of
\;F opportunity due to shorter intervals between units. The

;ﬁ reaction time to radio back the bombing and the issuance of
-

iﬁ orders to change routes would cause the following units to
;i: quickly close the interval. Assuming, an average interval
é; of 4 kilometers and an average rate of 25 kilometers per

?? hour, a unit following the interdicted one would close the
;; distance between them in about 10 minutes. Unless immediate
o

o 49
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ifl action is taken, units begin to pile up. This model assures
éﬁi that the second unit will not be able to find a bypass and
:S waits behind the lead unit until the obstacle is repaired.
‘é% The third unit and others behind it are assumed to have

> received the order to take an alﬁernate bypass. As before,
f?ﬂ the blocked units, once the obstacle is negotiated, do not
i%; rejoin the rest of the convoy at a point down the original

= route.
:;j A few observations are in order to discuss the
_ii implications of the above convoy actions. The unit's elec-
‘?gl tronic signature surfaces when communication silence is

ﬂé broken to report the attack to higher headquarters. This
X \..
'EE action may facilitate target acquisition or detection.
;x{ Also, interdicting the reconnaissance element in the column
fx and successfully cutting the road will leave the rest of

Eﬁ the convoy without a quick obstacle repair capability to its
’? front because the lead element will have to fix or negotiate
{ the obstacle. Taking away this capability by delaving and

separating it from the main column reduces quick obstacle
i re air. It also reduces MRD advance warning time about
352 future activities. At any future obstacles, the convoy will
%;i have to depend on what is at hand to repair, that is, man-
:i; power, or wait for some type of engineer equivment to make
fai its way up to affect repair. On the other hand, interdicting
;ﬁ this element will give the main body of the convoy more time
%; to react and select another route. This would allow the main
:3 body to move on without slowing it down.
o) 50
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Interdicting he lead element of the main body
appears to offer more in the way of destruction and disrun-
tion. Not only is there less reaction time available to
following units to make a gquick route change, but there is
more bunching of units. A more dense and lucrative target
is created for wic¢ -area anti-armor munitions (WAAM). The
possibility then exists for greater disruption and destruc-
tion. By modeling the process of moving separated units
into different routes, congestion at some future point is
eliminated. Otherwise, units will be stopped while waiting
for another unit to be inserted. Vulnerability is decreased,
but disruption is increased.

All the above assume perfect intelligence and good

weather.

Missile Attack

Once the road is interdicted, a determination needs

to be made about retargeting the same area with a

ground launched Army missile loaded with wide-area anti-

armor munitions (WAAM). As mentioned previously, knowing that !
there is a stationary target located behind a road blockage

removes the uncertainty of target location. Cratering or

damaging the road with air interdiction should create a

target suitable for WAAM engagement. A generic missile

capable of carrying WAAM is assumed to have an approximate

CEP of 110 feet. This CEP is obtained by using unclassified

Eq (1) taken from a letter requesting data from the Corps
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Support Weapon Svstem (CSWS) office, Fort Sill, Oklahoma
(Ref 15:3) (CONFIDENTIAL). The system CEP is assumed to have

a circular normal distribution.

/ CEPMPIZ + CEPP?

]

CEP System

where CEPMPI

0.5877(RSIGMPI + DSIGMPI)
CEPP

0.5887(RSIGP + DSIGP) (1)
Values assumed for computing system CEP follow:

Range: 100 KM
RSIGMPI: 20 M (65 feet)
(Range deviation, mean point of impact)

DSIGMPI: 20 M (65 feet)
(Deflection deviation, mean point of impact)

RSIGP: 20 M (65 feet)
(Range deviation, precision)
DSIGP: 20 M (65 feet)

(Reflection deviation, precision)

The shape of the dispersal pattern for the WAAM is assumed

to be elliptical with a minor axis value of 46 meters
(approximately 150 feet) and major axis value of 240 meters
(approximately 800 feet). All vehicles within this pattern
are assumed killed. Assumptions made for the missile include
reliability of one (for pre-launch and in-flight) and perfect
communication and intelligence to allow for notification of
air interdiction mission. Also, another assumption made is
that the WAAM always impacts with the major axis of damage

parallel to the road. As with the air sortie interdiction,
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o the missile attack is not modeled explicitly. How it is

i' done follows in the next section.

gi Damage Due to Missile Attack

ﬁ; A probability density function is computed to deter-
o mine damage due to WAAM attack. Knowing that the minimum

é; spacing and maximum spacing between vehicles are 25 and 50
:g meters (approximately 80 and 160 feet), respectively, a

~ methodology is needed to determine the probability of killing
ii vehicles based as a function of vehicle spacing and munition
‘ii impact. Vehicles are assumed to be on the roadway center

5é line. An average of both extremes of spacing is determined
S% to be 120 feet [(80 + 160) + 2]. Vehicle spacing is deter-
:i mined by dividing the unit length by the number of vehicles.
‘n; This number is then converted to feet. Once spacing between
,Eﬁ vehicles is determined, the value obtained is compared
‘5; against this average. 1If the value obtained is less than

%; the average, then the assumed interval between vehicles is
éa 80 feet, and 160 feet otherwise.

Ei‘ Using the minimum interval of 80 feet and an

Jé assumed vehicle length of 20 feet, an average of 8 targets

éa are hypothesized as being within a road cut made by the

:g ellipse of between 750 and 800 feet. Figure 2.4 depicts

e the elliptical pattern given that the roadway cut is 2400
ﬁ% feet from center of missile impact, or 800 feet for the total
3% length. This represents the maximum cut possible since the
; major axis is 800 feet long and 8 vehicles is the maximum

: 53
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number that could fit into this interval given their length

and interval. Using an interval of 100 feet (20 + 80 = 100),
subsequent calculations are made to determine the average
number of vehicles within that interval. Another assumption
made is that a half or greater portion of a vehicle within
this area cut is also considered destroyed. Table 2.2

represents the interval road cuts and the number of vehicles

killed within that distance.

TABLE 2.2

Road Distance Cut and Number of Kills--
Minimum Interval

Distance (feet) Kills Probability
cut < 50 0 0.1074
50 < cut < 150 1 0.0068
150 < cut < 250 2 0.0118
250 < cut < 350 3 0.0238
350 < cut < 450 4 0.0338
450 < cut < 550 S 0.0584
550 < cut < 650 6 0.1052
650 < cut < 750 7 0.2282
750 < cut < 800 8 0.4246

An equation for an ellipse is used to determine the

distance of the y cut knowing the x distance cut.

. . 2 2
Equation: 55 + Xg =1
a b (2)
where X = value of cut in the x direction
a = the value of the major axis
y = value of cut in y direction
b = the value of the minor axis
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This eqguation is solved for y by taking one half the maximum

X value in each interval. This v value is then normalized
by dividing it by the system standard deviation of 93.43
feet. A normal distribution table is then used to integrate
from zero to this normalized value. Doubling this value
and subtracting it from the value obtained for the previous
v cut (explained below), gives the probability of killing
that many vehicles.

Two exceptions to this method are determining the
probability of zero and eight kills. Any y value greater
than the minor axis value is outside effective radius of
kill. Dividing the minor axis by the standard deviation
gave a normalized value. Finding the probability for this
value in the normal tables and doubling it, then taking its
complement gave the probability of zero kills. Once the
probability of zero kills was known, 0.1074, the remaining
probability mass, 0.8926, was used in calculating the other
probabilities. For example, using the doubled table values
of one kill, 0.8858, and subtracting it from 0.8926, gave
the probability of killing exactly one vehicle, 0.0068.
Using the doubled table value for two kills, 0.8740, and
subtracting it from the doubled table value for one, 0.8858,
gives a probability of 0.0118 for killing exactly two vehi-
cles. This process is continued to determine Table 2,2.
The complement of the sum of the number of zero to seven

kills then gives the probability of eight kills.
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SR The same process is used in arriving at the values

r" in the bottom half of Table 2.3, the case for the ma-simum
ﬁ;i interval. Instead of 80 feet between vehicles, a 160 feet
x% interval is used. A random number drawn from a uniform
i\l

(0,1) distribution will then be used to determine destruc-

ﬁﬁ tion by WAAM. Vehicles destroyed are then subtracted out
i
o
i of the rest of the convoy. A new convoy length is then
e
8 computed and the delay time associated with this attack is
< determined.
e TABLE 2.3
"N Road Distance Cut and Number of Kills--
= Maximum Interval
L
ol
woSd Distance (feet) Kills Probability
{
- cut < 170 0 0.1074
o 170 < cut < 350 1 0.0424
. 350 < cut < 530 2 0.0804
- 530 < cut < 710 3 0.2290
' 710 < cut < 800 4 0.5408
-
;? Multiple missile attacks are treated as independent
u: events by assuming targeting points on the same convoy being
e
;3. at least four standard deviations apart. Treating multiple
1'.:{
ﬁi missile shots this way maximizes coverage of a linear target
i;; like a convoy.
:&: The delay time associated with this attack is dis-
fﬁ cussed next.
o
N7
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a;: Delay Tue to Missile Attack

;\3 The same four mutually exclusive delav events

'Jﬁ: associated with air interdiction also apnply here. Although
}ii the road is not cut as was done with the aircraft interdic-
?i- tion, damage due to missiles imposes delay due to more likely
i?ﬁ destruction of vehicles and disruption over a wider area due
Eﬁ: to the wide area coverage of the WAAM.

Delay time imposed varies as a function of number of
vehicles killed and the completed actions necessary prior to

commencing the march. This model assumes that the missile

= attack comes at the end of the impaired movement (IM) time
E;; due to air attack. The delay associated with the missile
s?} attack is added to the old delay time.

6?“ Imposed delay time varies as a function of number of
‘Eﬁ vehicle kills. If five or less vehicles are killed, then
Z&E delay time is obtained by sampling from a triangular distri-
?f- bution with parameters 15, 18.5, and 25. For kills less

iﬁ' than or equal to 10 vehicles, the triangular distribution
§§ parameters are 22.5, 30.0, and 37.5. Finally, if the number
¢f of kills is greater than 10, the distribution parameters

: B are 30, 41.5, and 50. These parameters were obtained by

f comparing against the parameters for the air sortie case.
.;b While no actual distribution exists for interdiction with
.:33 WAAM, the distributions hypothesized above represent the

_;g idea that as more targets are destroy+d, more delay time is
.; imposed because more time is needed for clearing roadwavs
i;

et e et e e e e T e N e e e LN N A SOOI LS A+ S O TS S S AU
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-z{: of destroved vehicles, administering first aid, and restor-

{ ing order to continue the march. Once the unit accomplishes
i

the required actions, it is ready to continue movement.

e Summary
"l \ —_—

ﬁt Chapter II has described how the problem was concep-
L tualized so that computerization can begin. An MRD was

%}l described as broken down into 44 units. The 44 units
e traveling on the hypothesized three-route network represent
'EE: the steady state condition of the system. Route interdic-
N

jﬁ tion consisted of bombing the road at preselected points so
o
:af that the convoys are blocked. The assumption was that the
;b} aircraft and convoy to be interdicted arrived simultaneously
Q¥Q at the point of interdiction. The strike mission consisted
‘,; of a flight of two aircraft each making one pass and

.r:‘.
l:ﬁ dropping all 12 500-pound bombs in one pass. The resulting
.:f; stationary convoys would then increase the probability of

)

-”q striking the convoy with one or more missiles loaded with
i
5}. wide-area anti-armor munitions (WAAM}.
E;} Chapter III follows with the computerization of the
;;: system described.
o
N
,\:_-.

o:
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I11I Simulation Model

This chapter describes how the system structure in
.Qi Chapter II was computerized. The description includes the
convoy movement of the 44 units through the road network, the
effects of interdiction on the reconnaissance element on each
route, and the subsequent effects on the arrival time for
the MRD. The model structure is network based and it incor-
porates the use of nodes to model specific geographic fea-
tures. The time to travel between nodes represents the con-
voy travel time for the distances represented between nodes.
The network structure of STOPEM and its interdiction
process were both modeled using Simulation Language for
Alternative Modeling (SLAM). SLAM is a powerful simulation
language that provides the user multiple capabilities to
model networks, discrete events, and continuous events or

any combination of these three processes. Since the system

structure has a network base and interdiction processes,
SLAM's power and flexibility provided the capability to
model the network with event nodes. The interdiction pro-
cesses, representing changes of state within the system,

were modeled within the event nodes utilizing user-written
subroutines. Another feature of SLAM allows the modeler to
assign up to 100 attributes per entity. However, STOPEM
only uses 16 attributes per entity. SLAM's global variables,

XX(+) with their values known to all subroutines within the

60
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program, provided the capability to denote such events as
interdiction and to act as indicator variables. One capa-
bility not exercised, but available to global variables is
SLAM's capability to provide time statistics on global
variables specified by the user. This capability is above
what would normally be associated with global variables
being passed within user-written subroutines. Finally, the
waiting time for interdicted convoys was modeled using

AWAIT nodes, a form of QUEUE node. The few SLAM capabilities
exercised in this model represent but a small portion of

SLAM's overall power. The reader is referred to Introduction

to Simulation and SLAM (Ref 49) for a more complete descrip-

tion of the language and SLAM's capabilities.

Network

A totai of 44 MRD units are entered into the road
network represented by the Figures 3.1, 3.2, and 3.3, corres-
ponding to Routes BLUE, GREEN, and RED, respectively. This
represents the MRD movement on the hypothesized three-route
march through the portion of the corps sector being examined.
Route BLUE, Figure 3.1, will be used to explain the computer-
ization. References to EVENT and ENTER nodes, and other
SLAM structures will be made using node labels associated
with each structure. This label is located immediately
below the structure in the referenced figures. Similar

logic was used on Routes GREEN and RED.
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An initialization subroutine, INTLC, is used to
establish the units for the model. The reader is referred
to Appendix A, the SLAM computer code, for further details.
Fach of the 44 units has 16 unique attributes. Attribute
one, the unit number (same number that appears in Table 2.1),
is used to rank the units within the model structure. SLAM
uses a system of files to maintain order as specified by
the user. This order is specified as a ranking within the
file. The entity file ranking specified for file one was
low value first of attribute one, the unit number. This
means that unit one with all its associated attributes is
first, unit two is second, and so on within the file. This
ranking scheme allowed for ease of accessing the units out
of the file and scheduling them for movement as will be
explained shortly. Table 3.1 contains a description of the
other 15 attributes. Other attributes within this table
will be explained as they are introduced.

The start of convoy movement on the road network is
initiated in the model by the last three statements in INTLC.
CALL SCHDL (1, 0.0, ATRIB) for Route BLUE is a SLAM state-
ment that schedules event one to occur at time of 0.0 or at
the start of the simulation., The last argument, ATRIB, is a
vector array of an entity's attributes being called within
that event. SLAM dimensions ATRIB to a vector (1, 100), but
the model only has a (1, 16) array since each entity has 16

attributes. All 40 events used in STOPEM are found within
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o TABLE 3.1

Entity Attribute Description

Attribute
Numbers Description

iy 1 Unit designator

N 2 Head/Tail designation
[+ (1 = Head, 2 = Tail)

) 3 Number of track vehicles
4 Number of wheeled vehicles
5} Minimum unit length (km)
T 6 Maximum unit length (km)
7 Average unit length (km)
N ] Unit length (km)
o 9 Travel time for first node (hrs)

s 10 Travel time for subsequent nodes (hrs)

el «
4
DN AR

zkﬂsﬂ_

11 Day travel rate, mixed convoy (km/hr)

L3
’y

PR

12 Interval between convoyvs (km)

LN

A A

13 Convoy start time (hrs)

4‘
L
159 &4 4

L3

14 Convoy finish time (hrs)

R

15 Event code (Assigned by SLAM)

et 16 Event time (Assigned by SLAM)
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AN subroutine EVENT. The schedule statements for the three
~
2
{f’ routes (1, 20, and 32) represent the event number that
j}f initiates convoy movement for that route. Within each event,
-i; the first unit and its associated attributes are referenced
N by a CALL COPY (entity, file number, atrib) statement that
At copies the referenced entity with associated attributes
'ﬁé from the appropriate file. For Route BLUE, since unit one

is the advanced guard for that regiment, it is called first

from file one. Since the time keeping mechanism of SLAM is

NaAs
LS
‘e’ ata’a

o stopped while within an EVENT node, all operations within
?; the EVENT node are of zero time duration. It is within the
:éi EVENT nodes that attributes can be changed to model system
igi structure changes.
;Q? Event one, EVT1l, schedules the entry into the net-
;3 work for the head and tail entities for convoy one and the
Zé; head entity for convoy two. This is accomplished by the

”? use of the SCHDL subroutine. A counter variable, I1, is
§$ used within event one to keep track of which unit out of

Eé file one is being addressed. Its initial value is assigned
-iﬁ by the global variable XX(1), initialized to one and incre-
;ﬁi mented by one before the event termination. Thus, I1 is
}gﬁ initially set equal to one. Within GREEN and RED, the
?gﬁ counters are initialized to 16 and 32, respectively, corres-
ti: ponding to the lead units on each route. To regulate convoy
sgi rates, Subroutine RESHUF1l is called. A global variable XX(4)
:;E is assigned the rate value for unit one. XX(4) is then used
"
ok 73

-

‘ut

“
NS

T
?,
’,
LY
.
i
)
[]
X
X3
L,
;
)
P4
!
;
’,
f
.
{.
L4 .
.
;
1]
l‘
P
I'd
v 3
)
4
Pd
[
;
P4
\
Yy
‘J
»
.
.l




in subsequent calls t¢ RESHUF1 to compare against other unit
rates. Buased on whether the following units have rates that
are less than or equal to or greater than this global vari-
able, unit rates are adjusted up or down to match the lead
unit rate. RESHUF2 and RESHUF3 perform the same function

on Routes GREEN and RED. This assumes that all units within
that convoy maintain the rate set by the lead element. The
head of the lead unit starts the convoy movement at "time
now'" (TNOW) of zero. 1Its entry time into the network is
placed in attribute (13). ENTER node ENT2 inserts the head
entity into the network. As its name implies, the ENTER
nodes functions to place entities into the network at the
appointed time. The tail entity for the first convoy is
scheduled to enter the network at enter node ENT3 at the
time equal to the passage of vehicles between the head and
tail. The length of the convoy, attribute (8), is divided
by the rate, attribute (11), to obtain the travel or passage
time. Attribute (8) was sampled from a triangular distribu-
tion composed of parameters of attributes five, six, and
seven. This calculated time is added to the time of entry
for the head entity, which is zero for the first unit, and
used to schedule entry time for the tail. To distinguish
the tail from the head, the value of attribute (2) is changed
to two. The time it enters the network is then stored in
attribute (13). 1I1 is incremented by one and the attributes

of unit two are copied into the array ATRIB. The head
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entity of the unit two is scheduled to arrive at the time
that the tail of one entered plus the time between the tail
and itself. The value of attribute (12) for the first unit,
the interval between the two units, is assigned to the vari-
able CINT1 (CINTZ2 and CINT3 on GREEN and RED, respectively).
This distance is converted to time by dividing CINT1 by the
adjusted rate of attribute (11) for unit two. RESHUF1 is
called again before this operation to insure the rate is
adjusted to match the lead rate. The time is then added to
the entry time for the tail of unit one to obtain the entry
time for head two. This calculation reflects when the head
of unit two enters the road network. As with the other two
entities, its entry time is recorded in attribute (13). To
continue this process, the scheduled time of convoy two
triggers event one again. The last operation before exiting
the event is to increment XX(1) by one so that the next time
event one occurs, the counter Il will be set to two to
schedule the tail of convoy two and the head of convoy
three. This cyclic process continues until all convoys are
moving on the road network.

At the conclusion of each event, the SLAM event
calendar, which keeps record of when to schedule entities,
is updated with the unit and its associated attributes.

When TNOW equals the value of that entity on the event
calendar, it is processed at the next SLAM structure if the

duration activity between the two structures is zero. The
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activities between SLAM structures represent the branches
where explicit time delays are modeled. Otherwise, if the
duration activity is greater than zero between the struc-
tures, the entity takes that long to get to the next struc-
ture. This represents the convoy movement between nodes.

The duration between structures mentioned above
represents the time in the model associated with the network
travel. This aspect is modeled by dividing the distance to
travel between event nodes by the rate. For the first node,
this value was assigned to attribute (9). For subsequent
travel distances, the travel time is assigned to attribute
(10). Both values for these attributes are initialized in
INTLC, but recomputed within EVENTS 1, 20, and 32 because
convoy march rates were adjusted in these events.

Other attribute values that characterize each unit
are read in by INTLC for appropriate attribute array for
all units. These values include designation for the head,

and the number of wheeled and track vehicles.

Discrete Events

As was mentioned previously, SLAM provides the
capability of modeling the system changes of state within
each event node. For example, within selected event nodes
user-written Fortran subroutines are used to model system
changes such as interdiction due to aircraft and missiles.

Before interdiction is described, a network description is
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given of the system's steady state. The next section then
discusses how the interdiction processes are modeled.

Steady State. Figure 3.1 is the description of the

system steady state. An indicator variable, XX(10), is
used to denote when there is interdiction. A value of zero
denotes steady state, while a value of one denotes inter-
diction. A4s shown on Figure 3.1, entities leaving the two
enter nodes encounter a GOON node GO1l. This GOON node
functions as a continuation node between EVT1 and EV11.

The branch or activity time from the enter nodes to GOl is
zero because there is zero travel time involved between the
structures. The activity time between GOl and EV11 repre-
sents the travel time for convoys. The number two in the
box beneath the branch between the structures is the activity
number that uniquely identifies that branch. Once at EV11,
representing event eleven, a conditional statement is used
within the event node to recompute attribute (10) since it
changed from the value computed in INTLC. An exiting entity
EV1l encounters conditional branching. The value of one in
each EVENT, ENTER and GOON nodes denotes that only one branch
can be taken on the exiting end of the structure. This
logic models the convoys taking only one route. Since the
system is at steady state, that is XX(10) equals zero, and
all units on Route BLUE are to go on this branch, that is
attribute (1) is greater or equal to one, only one branch

can be taken and that is the top branch. The value for
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:{) attribute (10) computed in EV11 is used for the duration
;j: from EV11l to EV14. This time reflects the passage time for
;g the head and tail entities for each convoy. The same pro-
ii cess continues through the remainder of the network. Values
-Fb for the convoy passage for the next branch are computed in
a; the preceding event node. The conditional statement at EV16
:i} routes the entities to EV18 since it meets the top condi-
- tion first and only one branch can be taken. EV19 is the
ﬁ% last event for Route BLUE. A conditional statement within
fJE EV19 permits only the tail entity of each convoy to enter

zﬁ the enclosed subroutines. The subroutine calculates total
A

EEZ time in the system for each entity by subtracting from TNOW
fﬁg the value of attribute (13), when the entity entered the
s road network, and assigning the value to attribute (14).
.Eb' Selected values are sent to a tape, which was used in model
:i verification, discussed in Chapter IV. A sample of these
er tapes 14 and 17 appear in Appendix E. Also, event 19 main-
::2 tains a count of armored vehicles by incrementing XX(23)
;§£ every time an entity enters EV19. When the last unit
3$ finishes (its tail entity), its finish time is assigned to
i{' XX(19). This represents the total travel time for all units
Egz on BLUE. Subroutine GAFMGF is then called to increment
f&f XX(22) by XX(19) so that XX(22) represents the total time for
3; all three routes when the other two route finish times are
?EE added to it also. For the other two routes, this occurs at
‘E; EV31 and EV40. XX(28) is incremented by one within EV19
3%
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and used as a test within GAFMGF to determine when the last

unit of the MRD has finished. Once the very last unit has
finished, an average finish time for the MRD is obtained and
divided into the total number of armored vehicles to arrive
at the measure of effectiveness, number of armored vehicles
per unit time. This value and other values (discussed in
Chapter IV) are sent to an output tape. A sample of this
output tape appears in Appendix C.

Upon exiting EV19, conditional branching occurs again.
The head entities take the bottom branch and are routed
through another GOON node, GOE, to the terminate point where
the entity disappears from the network. This action corres-
ponds to the head of the unit arriving at its release point.
The tail entity takes the top branch and is routed through
two COLLECT nodes. These nodes collect statistics on the
entities passing through them. The collection information
is a function of the argument in the left portion of the
node. For example, COLl1l collects interval statistics on
the time between arrival of entities based on attribute (13).
CO1 collects the value of attribute (3), armored vehicles,
and records it. At the end of each simulaéion run, the
statistics collected are printed in table format. The tail
entity travels through GOE on its way to the terminate node,
where it is deleted from the system. The tail entity arriv-

ing at this point represents the completed movement of each

convoy.
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Interdiction Processes. By changing the value of

XX(10) to one, the system structure now has interdiction.
Another global variable, XX(11), denotes the number of mis-
siles targeted against convoys. The combi:ation of these
variables denote interdiction and the levels of interdiction
within the model. Level of interdiction is defined as the
combination of one sortie and either one, two, or three
missiles. These levels will be discussed further in the
design of the experiment.

All processes discussed in the steady state section
pertaining to convoy movement and calculation of travel
times apply within this section also. The difference now is
that the system structure has been subjected to interdic-
tion. System interdiction is modeled only for the recon-
naissance elenent. STOPEM as it is now does not incorporate
targeting the main body. The model interdiction occurs at
EVENT nodes 12, 23, and 34 for Routes BLUE, GREEN, and RED,
respectively. The basic process within each event is similar.
One difference in EVT1 of BLUE is that attribute (9) is
recomputed when therg is interdiction because, when the
reconnaissance element is interdicted and the main body
bypasses the point of interdiction, the distance used in
INTLC has changed from 64.784 kilometers to 50 kilometers.
Since convoy one continues on its original route when it is
interdicted, EV11l computes the remaining distance time

originally computed in INTLC for attribute (9)
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(64.784 -~ 50 = 14.784). This value divided by the rate is

then assigned to attribute (10). This attribute (10) is
the time duration from EV11l to EV12. EV11l also calculates
the new adjusted attribute (10) for the main body. This
new time represents the time to bypass the new distance and
is the time duration from EV11l to EV13.

Conditional statements within EVENT 11 insure that
the appropriate values for attribute (10) are assigned to
the correct units. Conditional branching on the exit end
of EV11 only allows unit one, both head and tail entity,
to be routed to EV12. The main body of the convoy is routed
to EV13 using the bottom branch. This structure simulates
main body bypass of the interdicted unit at EV12. This
pirocess simulates Warsaw Pact doctrine of pressing forward
with the movement. The main body continues on through EV14,
EV15, EV16, and EV17. This process portrays the main body
moving through the road network without interdiction and is
similar to the steady state description. The main body will
be discussed again at the conclusion of the discussion of
interdiction at EV12.

As the middle branch exiting from EV1i1l shows, only
unit one can take this branch when there is interdiction.
The activity duration models the time until the head entity
is interdicted at EV12. A conditional statement at the
beginning of EV12 insures that only the head entity is

allowed to enter the interdiction subroutine. Once within
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EV12, subroutine SORTIE is called and a two-ship strike
mission is simulated against the head of the convoy. 1In
SORTIE, the variables DTIME and DTIMEP represent a sample
from a triangular distribution denoting full or partial road
blockage, respectively. SORTIE then draws a sample from a
uniform (0,1) distribution and assigns this random variate
to the variable PASS. 1If PASS is less than or equal to
0.35, then the road is considered cut. If PASS is greater
than 0.35, then partial road blockage is obtained. A
counter variable, XX(9), is incremented by one if the road
is cut and zero if the road is partially blocked. Another
sample is taken from the uniform distribution to denote the
second aircraft pass. The same test is performed on PASS to
determine if it is less than or equal or greater than 0.35.
SORTIE returns a value for XX(9) of zero, denoting partial
road blockage, or a value greater than zero denoting that
the road was cut. This value of xx(9) is then tested to
determine how much delay time was imposed as a result of
interdiction. Attribute (3) is decreased by two to denote
two armored vehicle kills. The event time is increased by
the delay time imposed, which is either DTIME or DTIMEP.

The event time represents when the entity will be scheduled
on the network again. SLAM places the entity event time

in the attribute that is two greater than the maximum number
of attributes for the model. Since the maximum number of

attributes is 14, the event time is stored in attribute 16.
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ji Since entity one has suffered damage and delay, the number
3: of armored vehicles is adjusted and its event time is

jg increased by an appropriate amount as sampled from SORTIE.
E?E Since the assumption made was that the delayv time

iﬁ due to missile attack would be added to the delay time due
:&: to missile attack would be added to the delay due to SORTIE,
ﬁg subroutine MISSILE is called next. A delay time correspond-
i ing to the number of kills is sampled from a triangular dis-
f:i tribution and assigned to the variables DTMIS1, DTMIS2, and
:%5 DTMIS3, where the order of variables indicate an increasing
:ﬁ time delay. The number of missiles shot is assigned to
MSHOT by XX(11). Either one, two, or three missile salvos
g can be fired at the target. The number of missiles fired
f will be a function of interdiction policy, resource con-

'a' straints, and target priority. In order to compute target
:é kills, the spacing within vehicles is required to be computed
:ﬁ for each unit. The value of attribute (8) is decreased by
1;£ the value represented by the number of companies within each
35 unit times the average interval (37.5 meters) between units.
fu This value is then divided by the total number of vehicles
:;E in that unit and converted to feet. MISSILE then uses a

?5 looping structure to simulate firing from one to three

i; missiles. For each loop passage, a random sample drawn from
*5, the uniform (0,1) distribution is assigned to SHOT. Then

f% based on the vehicle interval computed outside the loop, the
2 subroutine tests to see if the vehicle interval was less
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than or equal to 120 feet or greater than 120 feet. The
variable SHOT is then tested within the appropriate branch
and the number of kills is assigned to the variable NUMKIL.
NUMKIL is incremented for each missile shot. MISSILE
returns to event 12 the number of kills and the delay time
imposed. The number of vehicle kills is subtracted from
attribute (3) and the event time is incremented by the delay
time. If the number of armored vehicles is less than zero,
attribute (4) (wheeled vehicles) is decreased by this
amount to model the correct number of kills. The head
entity exits the event and is filed on the event calendar.
Once the event calendar schedules it again, the delay time
has transpired and it travels to AWAIT node MAF, with dura-
tion equal to attribute (10).

The lower portion of event 12 contains the condi-
tional statem~ - for the tail entity. Its wvalues for attri-
butes three and 16 must be adjusted to correspond to the
head entity values. Two variables in the head entity block,
VAL1 and DELCH1l, are assigned the head's values for attri-
butes 16 and three. These variables are then assigned to
the tail entity's attributes three and 16. Additionally,
attribute (16) is increased by the separation distance
between the head and tail. This is accomplished by dividing
attribute (8) by the rate. Once this is accomplished, the
tail entity exits the event and is filed on the event

calendar. When it appears again on the event calendar, it
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travels to AWAIT node MAF, with duration equal to attri-
bute (10).

AWAIT node MAF stores convoy one in file two while
unit one waits for GATE BLOK1l to open. SLAM's concept for
a gate is as its name implies. A GATE is either opened
or closed and either allows or denies passage, respectively.
In this model, the initial gate status for BLOK1 is closed
as denoted in the GATE block to the left of EVT1l. This
SLAM structure shows that BLOK1l is initially closed to
model that the main body will not stop or slow up to allow
interdicted units to re-enter between units of the main »ody.
This action is modeled in this fashion because allowing the
interdicted unit to re-enter would cause congestion on the
main body or a slowing down that might present a better
target owing to units' interval decrease. The ranking of
file two is based on low value first of attribute two.

This implies that the head entity is filed before the tail
entity. Opening BLOK1l is modeled by the tail entity of the
last unit, unit 15. The exit end of EV17 shows the top
conditional branch being reserved only for the tail entity

of unit 15, the last unit in the main body. The structure

at STR1 is an OPEN node that opens BLOK1l. This action models
the tail entity of 15 clearing the road junction tor the
blocked unit to enter. No interval distance is modeled
between units 15 and one to denote that unit one enters

immediately behind 15. The bottom branch exiting EV17 is
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taken by all units, including the head of 15 and unit one.
The units then maintain this order and finish with unit one
last. The remainder of the network for BLUE is as described
in the steady state case.

Route GREEN is similar to BLUE because an AWAIT node
EKF is also modeled there. Both routes, even if just inter-
dicted once, cause convoys to meet at some future point or
take a much longer bypass to prevent this meeting. This
particular portion of the road network creates disruption
and bunching of units. Even though the road network is
seemingly infinite, interdicting these two routes shows an
instance where convoy disruption can be maximized.

STOPEM only does one interdiction of the head
element of the reconnaissance unit. An examination of the
effects of interdiction for this road network on the main
body would create more lucrative targets for WAAM targeting,
with increased probabilities of destruction.

On the other hand, Route RED is an autobahn that if
interdicted offers the possibility for quick exiting and
entering again at some future point. Route RED models that
the reconnaissance element is interdicted and the main body
exits and bypasses the obstacle. As on the other two
routes, interdiction occurs and damage and delay are assessed.
However, instead of waiting while the main body gets back on
the main route, unit one exits the route prior to the point

where the main body enters. Event node 36 represents unit
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one's exit and event node 38 models the main bodyv's c¢atry
back onto the original route. The difference between
Routes BLUE and GREEN, and Route RED is that therc¢ are more
likely exit points on RED heading in the original direction
of travel that do not cause bunching as opposed to the

restrictions on BLUE and GREEN.

Summary

The entire MRD broken down into 44 units with
associated attributes is initialized into file one. Once
in the file, SLAM enter and event nodes schedule the entry
of convoys through the road network. Each convoy is modeled
as two entities with unique attributes except for attribute
two. This attribute denotes whether the entity is the head
or tail element. The indicator variable XX(10) denotes
steady state when set equal to zero and interdiction when
set equal to one. The flexibility of the model is given by
event nodes where user-written subroutines model changes of
state for the system. When XX(10) is set equal to one,
interdiction occurs in selected event nodes on each route.
Within this event, subroutines SORTIE and MISSILE are called
to determine interdiction effects. At the conclusion of
each convoy arrival at the event node for that route, data
is collected for analysis by calling subroutine GAFMGF.

The above concludes Chapter III and how model com-
puterization was accomplished. Chapter IV is next with an
explanation of validation and verification.
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IV Model Verification and Validation

The model verification and validation process is an
important and necessary area to which the modeler must sub-
ject the model if he expects to have an acceptable level of
confidence in the inferences drawn about the model outputs
of the system. This chapter will discuss the process of

verification and validation used for STOPEM.

a”s%a

Shannon in Systems Simulation divides the process of

TN

.:-.I .‘l ‘.‘ ll

!

evaluating simulations into three categories:

1. verification - insuring that the model behaves
the way an experimenter intended.

2. wvalidation - tescing the agreement between the
behavior of the model and that of the real
system.

3. problem analysis -~ the drawing of statistically
significant inferences from the data generated
by the computer simulation (51:30).

Chapter VI will discuss the problem analysis, while the

remainder of this chapter will discuss the first two points.

Verification

Two categories of tests were performed to verify the
internal consistency of the model. The first involved
statistical testing of distributions to determine their
behavior in the model. The second category of testing con-
sisted of using the SLAM trace option, print statements, and
data sent to tapes to verify that the model and its activi-
ties were performing as desired.
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Sortie and Missile Distributions. Appendix E con-

; tains the SPSS output on testing of the Uniform (0.1) dis-
uﬁ tribution used in SORTIE and MISSILE. The null hvpothesis
tested using a Kolmogorov-Smirnov test was that the samples

generated came from the distribution indicated. The null

Jf hypothesis failed to be rejected.
"2 Triangular Distributions. No statistical testing
., :.n

was conducted on the triangular distributions. The idea
e used to develop the distribution was based on the low and
high values given in the references cited. A mode value

was computed from these values and sampling conducted during

.gs the simulations. Checks made throughout model development
i; using the SLAM trace option, explained next, showed that

b the values obtained were within the specified ranges.

ﬁg Trace Monitoring. Utilizing SLAM's trace option

.

{3 and print statements throughout the program allowed each

‘ f entity and four other attributes to be followed from event
E? to event. Since the trace option also showed TNOW and dura-
'?é tion to next event, checks were made to determine if enti-
- ties were arriving at their next point at the appointed
,i; time. This option also gave the terminate time for each

ig entity. By knowing when a unit entered the system and when
jf it arrived at its destination, finish time data was checked
éf for accuracy. Print statements such as shown in Appendix E
‘?E also gave feedback if interdiction subroutines were working
o

=
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as modeled. 1In all cases checked, the model was functioning

as intended.

Validation

Three possible tests exist for examining model
validity. The first is face validity. This test consists
of checking the model at extreme values for parameters and
examining for the reasonableness of results. The latter
method is referred to as a Turing test. This test consists
of using experts to examine model outputs to compare these
outputs against the actual system. The other two methods
consist of ‘'testing of assumptions' and '"the testing of
input-output transformations'" (Ref 51:29). These last two
methods are concerned with statistically related testing for
such things as tests of means and variances and analysis of
variance (51:29). STOPEM's validation process consisted of
a combination of the first and the last of the above tests.
The usage of these tests in STOPEM's validation is one of
degree, as will be discussed after an explanation for the
purpose of the model is made.

STOPEM represents an abstraction of the real system.
To balance the reality of the system under study with the
limitations of time, resources such as computer availability,
and tractability of the model, assumptions discussed in
previous chapters were made to formulate STOPEM as it is
now. To simulate the complete system under study would
require a model of such complexity that the required time
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to exercise it would consume incalculable resources and time.

As an abstraction, STOPEM represents a portion of the system
with those variables perceived to be more important, that
when acted upon by external forces, present insights about
the system and its interactions, if any. The validation of
STOPEM must be evaluated with this in mind.

Variation of the parameters for the triangular dis-
tributions was not conducted at the extreme values., How-
ever, a ten percent reduction in the mode parameters for
the convoy rate, length, and interval was made. These
variations will be discussed further in Chapter V. The
results given based on these variations proved to be consis-~
tent. Results will be discussed in Chanter VI. The sub-
routines SORTIE and MISSILE contain concepts of the contri-
butions of air sorties and missile strikes. The modeling
of air sortie results in the program in Appendix B and the
discussion of the reasonableness of these results with
informed experts gave credibility to the parameter used in
determining when the road was cut or partially blocked.

The effects of a missile attack was hypothesized based on
information received from Fort Sill, Oklahoma. The generic
missile postulated and the effects gave consistent results.
Finally, the uniform (0,1) distribution used in MISSILE and
SORTIE was tested as discussed in the verification portion
of this chapter. All the above combined give STOPEM

validity.
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Once the model verification and validation is com-
plete, testing of the system can begin. This chapter has
explained how the model was verified and validated.

Chapter V discusses the data collection and how the experi-

ment was conducted.
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In order to draw meaningful inferences about the
system under study once the model has been verified and
validated, an experimental design is needed to run the model
to obtain the data necessary to make an analysis (51:145).
Designs of experiments have two purposes: '"(1) they are
economical in terms of reducing the number of exnerimental
trials required; and (2) they provide a structure for the
investigator's learning process'" (Ref 51:145). This chapter
discuss+s how the experiment was designed to obtain the

required data.

Measure of Effectiveness (MOE)

In this thesis, a MRD consisting of 44 units was put

through the system in each simulation run. A measure of effec-

tiveness (MOE) was developed to use as a standard to compare
model outputs. The MOE developned is the arrival rate per
hour of armored vehicles of the MRD at its destination.

This MOE was selected as a way to measure the arriving com-
bat power, represented by armored vehicles, because one
objective of this thesis was to determine how the arrival of
combat systems can be affected by interdiction. The more
the MRD can be delayed, disrupted, or destroved, the less
the impact on the friendly force at the MRD point of commit-

ment. The design of the experiment, which follows next,
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relates how the model experimentation will be conducted to

determine the MOE or response variable.

Exp.rimental Design

Shannon in Systems Simulation describes experimental

design as a systematic three-way process. The three steps
are: '"(1) design of the structural model; (2) design of
the functional model; and (3) design of the experimental
model”" (Ref 51:151). The structural model and the functional
differ in that the former presents what should be done in
terms of factors and factor levels to be analyzed, while
the latter says what can be done. This difference is attrib-
uted to constraints such as computer time or funds that might
require a reduction of factors or levels in the experimental
design. This redesign becomes the functional model. A
definition follows for factors, levels, and cells in the
context used above and in the remainder of this research.
A factor is an independent variable being examined, while
the factor level refers to a factor value. Table 5.1 pre-
sents the factors and associated levels analyzed. These
will be discussed further in subsequent paragraphs. A cell
refers to the '"basic structure or building block of an
experiment'" (Ref 51:153).

Equation 5.1 was used to determine the structural

model:

PPy

Ng = (ap)(ag)(ag). .. (qy) (5.1)
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s
N Ns = number of cells in the experiment
%? k = number of factors in the experiment
N Q; = number of levels of ith factor, i=1,2,3,...k
) (Ref 51:153)
i Based on this formula, the structural model for this experi-
?ﬂ; ment is (4)(2)(2)(2) = 32 cells. Because computer time was
\'\
N not a constraint and the model run ‘me was not excessive,
;: each cell had a response. This mi > the functional model a
E; complete model as opposed to an i mplete model that has
2 fewer responses than the number oif clls.
hoe Sample size determination for each cell or the number
<\
g of replications per cell was based on what is considered
- adequate. An adequate number of replications per cell is
E eight (Ref 51:163). To determine where the response vari-
N
-Bj able mean would lie based on this number of replications,
L
N . .
N Eq (5.2) was used to make a calculation to determine this.
%1
S 2
.\‘ (OZ(X)
§ £l
n =
; 42 (5.2)
\';
s
:: where
"'.0
o n = number of runs
o
X 0 = population standard deviation
I‘
:ﬁ Z, = two-tailed standardized normal statistic
s —
:: 2
_a
s 96
‘
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:‘{f % = alpha level

,xy d = allowable error

$ Using a = 0.05 , n =8, and d =% , the above equation
#% gave that the response for the sample mean would lie between
:’hi v * 0.70 , where y is the unknown true population mean.

j§3 This implies that using eight replications per cell gives a
;;\ 95 percent probability that the interval u # 0.70 contains
. the sample mean for the response variable.

ité In order to capture the model response due to the

(QRY

x;g variation of these four factors and their associated levels,
f? a full factorial design was run. A full factorial design
%é} implies that "all levels of a given factor are combined with
ij: all levels of every other factor in the experiment” (51:164).
o This design allows for the study of the factor main effects
:;; as well as interactions DLetween factors if they exist.

ié Interactions refer to both the individual influence of a

)T factor and the combined influence of two or more factors on
§§ the response variable. Also, since the effect of each fac-
g} tor is estimated at several levels of the other factors,

SN

e "the conclusions reached hold over a wide range of condi-
o tions" (51:165).

CAP

3; The factors and the levels used in this experiment
j:f were structured into logical patterns so that the necessary
fs; observations could be made. As previously mentioned,

E:g Table 5.1 contains the factors and levels. The subsequent

‘ S paragraphs explain in more detail the factors and levels.
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Factor one, the interdiction policy, was se¢t at
four levels to denote no interdiction and the combination
of one sortie plus either one, two, or three missiles.
These four levels represent four possible interdiction
policies, with increasing number of missiles denoting
increased need for destruction and delay or a higher priority
target.

Convoy rate, the second factor, was set at two

levels: sample from a triangular distribution (20,25,30)

and sample from another triangular distribution (20,22.5,30).

The first rate represents the distribution with the mode as
the average of the minimum and maximum rates., whereas the
second represents a -ten percent shift in the mode to repre-
sent a partial decrease due to such effects as road damage
and weather.

The third factor, convoy length, was also considered
at two levels: the first level represents the length as
drawn from another triangular distribution with the param-
eters left as computed in the initialization subroutine.

The second level represents a -ten percent decrease in the
mode parameter for each entity. This represents the
decrease in convoy length due to mechanical vehicle losses
or prior interdiction.

The fourth factor, convoy interval, represents the
distance in kilometers between convoys. As with the other

factors, the first level represents the initial computation
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of parameters, while the second level represents decreasoed
convoy interval.

Table 5.2 is the design matrix for the blocks of
runs. As this table shows, a total of 256 simulation runs
were made. These 256 runs were divided into blocks of 64
runs, where there were 8 cells within each block, and 8

replications per block, for a total of 64.

TABLE 5.2

Design Matrix for Block of Simulation Runs

Run Number Policy
1-64 One (No interdiction)
65-128 Two
129-192 Three
193-256 Four

Table 5.3 shows Low each block from Table 5.2 was
designed. This table shows that runs one through eight
represent the first cell with all factors set at level one.
The second set of runs, nine through 16, show that all the
factor levels remain the same except that the interval now
is at level two. This same process continues for the other
six cells. For runs 65 through 128, 129 through 192, and
193 through 256, Table 5.3 would be the same, except that
the levels for the policy would be two, three, and four,

respectively.
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TABLE 5.3

Design Matrix Within Each Block

Run Policy

Factors

Rate Length Interval

1-8

9-16
17-24
25-32
33-40
41-48
49-56
57-64

O e b e e
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The experiment was run once the measure of effective-

ness, the appropriate sample size, and the experimental de-

sign were determined.

sented in Chapter VI.

The analysis of this data is pre-
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VI Data Analyvsis

The next step after gathering data from the experi-
mental design is to conduct an analysis of the data. This
part of the analysis process allows the analyst to make
valid inferences relative to the model's output. Analysis
of variance (ANOVA) using the Statistical Package for the
Social Sciences (SPSS) is an available tool to test hypoth-
eses to determine if several populations' means are equal.
ANOVA provides the analyst with a capability to determine
if response variable means are equal based on the factors
and levels. The analyst can then make inferences about the
model outputs.

Both four-way and three-way ANOVAs were conducted
on the data generated by the design of experiment discussed
in Chapter V. The terms three-way and four-way refer to
three and four factors in the experiment. Both ANOVAs were
also conducted with all second and higher order interactions
suppressed. This implies that these ANOVA tables presented
in Appendix C do not have interaction effects present. The
interactions were suppressed to gain further insights about
the main effect contributions since all second and higher
order interactions proved to be insignificant. Appendix C
contains all SPSS outputs and tape 1, which is the actual

data. A discussion follows of the results.
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- Three-Way and Four-Way ANOVAs

Both ANOVAs with interactions showed that only two
of the main effects were significant using an alpha level of
0.05. All two-way and higher interactions proved to be
insignificant at this same alpha level. The factor length
was deleted to make the three-way ANOVA. The reason for
its deletion was based upon it having the lowest value of
significance based on the four-wav ANOVA with interactions.
The lower F value pointed to its contributing less to explain-
ing the main effects. The ANOVAs without interactions show
the same two main effects being significant. 1In order to
gain a more robust representation of the statistical contri-
butions of the main effects, a selection was made from the
two ANOVAs without interactions of the one with the lowest
mean square error. The model thus selected would tend to
explain more about the main effects. The four-way ANOVA
proved to have the lowest mean square error. This is reason-
able considering that all factors, in spite of two being
insignificant, make for a more complete system representation
since the convoy length and convoy interval represent key
parts of the system.

Main Effects. Main effects refers to each indepen-

dent variable or factor. The SPSS output in Appendix C shows
that only two of the four main effects were considered sta-
tistically significant at the alpha level of 0.05. This

says that, at the stated alpha level, the mean value for the
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response variable is statistically different for different
levels of the factors of policy and rate. To graphically
illustrate that this statistical difference does exist, a
plot is made with the main effects and their associated
levels along the horizontal axis and the response variable
along the vertical axis. The lines drawn between points
only serve to emphasize changes in the response variables
due to factor levels and do not represent linear relation-
ships. As the plots in Figure 6.1 show, the change in slope
in policy and rate indicate that a difference does exist
between levels of these two factors. In contrast, the other
two factors show relatively no change in slope and hence
show no statistical differences. This implies that, for the
given levels, the two factors do not have any significant
impact on the response variable.

Main effects behave as expected. As policy level
one shows, no interdiction allows a rate of arrival of
approximately 80 armored vehicles per hour at the destination
point. The interdiction effects show up as the steep change
in slope of Figure 6.1 when going from no interdiction to
one sortie and one missile. Policies two, three, and four
show no appreciable difference. As would be expected,
policy four was a combination of one sortie and three mis-

siles and it has the lowest vehicle arrival rate. A bigger

difference between policies two, three, and four might have

been expected if the main body of the convoy had been
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interdicted also. The other factor., convoy rate, shows a
drop in vehicle arrival rate as the rate is decreased ten
percent. This is again consistent with what would be
expected because a reduced convoy rate means units arrive

at the destination later. The other two main effects, while
not significant, also show consistency. As the length and
interval go from level one to two, the arrival rate increases.
Since level two is a ten percent decrease in the convoy
length and interval, the units are neither as long nor is

the distance to travel between them as far. This implies that
a lesser distance takes less time to travel, so the arrival

rate increases.
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Fig 6.1. Influence of Main Effects

Two-Way and Higher Interactions. As the SPSS print-

out in Appendix C shows, there are no significant two-way or

higher interactions. An explanation offered for this lack

104




AT

Ty

e Sl Iy

.

-, PR
' AR
2 | NN AR

-

TS

A5
LN RPN P

. ‘..4{.‘,. e

'''''

of interactions is the measure of effectiveness (MOLE)
variable. Since the MOE has time as part of its measure,
it is likely that the rate and policy factors dominate the
other two or that the amount of variation (ten percent
reduction) was not sufficient to get a bigger change in the
response variable for length and interval. A sensitivity
analvsis conducted at the extreme values for these factors
might provide some additional insights into how the model
is working. Another possible explanation for this lack of
two-way interactions and that an almost significant three-
way interaction of length, rate, and interval was close to
the 0.05 cutoff, is that the equal variance assumption
between cells might have been violated. A test for equality
of variance, which was not conducted, might show that this
is the case. Since the number of replications per cell,
eight, was not large enough to invoke the central limit
theorem (CLT), the replications per cell would have to
increase to meet CLT criteria of 30 or greater per cell.
The CLT sayvs that as the number of replications approaches
infinity the random variable response approaches normality
(Ref 51:187). Since the above are explanations that were
not tested, they are offered as suggestions for follow-on
work or checking of the model outputs.

This chapter has explained the data analysis of the

experiment. Chapter VII presents the Results and Conclu-

sions.
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VII Conclusions and Recommendations and

Recommendations for Follow-on Study

This thesis modeled a motorized rifle division
(MRD), represented by 44 units, moving through a hypothesized
three-route network. The experimentation consisted of com-
paring the steady state of the system, that is no interdic-
tion, against the three policies of interdiction, consisting
of combinations of sorties and missiles. The measure of
effectiveness was the arrival rate of armored vehicles.
The analysis consisted of a four-way ANOVA conducted on the
data generated by the levels of the four factors. This
chapter presents the conclusions and recommendations and

recommendations for follow-on study.

Conclusions and Recommendations

The objective of this thesis, as stated in Chapter I,
was to develop a model of a MRD moving through a road net-
work to determine how interdiction would delay the MRD com-
bat power arrival rate into a portion of a corps sector.

The conclusions are as follows:

1. Interdiction of just one element on each route
does cause delay, disruption, and destruction
of the MRD.

2. The difference in increased levels of missile
usage did not appreciably show a significant
decrease in the combat arrival rate as Figure 6.1
shows. This result is attributed to the target-
ing of only reconnaissance units since the
rerouting of the main body onto a different
route to bypass the interdicted point did not
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add avppreciable delay time to the MRD. This is
due in part to a road network that permits
relative ease of bypassing the interdicted
point.
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3. Modeling the interdiction of roads and convoys
by conventional munitions is a difficult task
that requires close coordination between the
Army and the Air Force.

Based on the above conclusions, the following
recommendations are made:

1. That the model be enhanced further to include
interdiction of the main body to gain insights
into further decreasing the combat power
arrival rate.

2. That efforts to improve coordination between
the Air Force and the Army continue to insure
the greatest effect of employment of limited
resources against the second-echelon threat.

Recommendations for Follow-on Study

Since this research effort could not address all
aspects of the system studied or provide insights to all
the guestions that need to be asked, some areas are recom-
mended for thought or follow-on study concerning second-
echelon interdiction,

As was explained, STOPEM assumed a hypothesized
route for the MRD. Developing a model that would determine
shortest route distance based on time to travel would pro-
vide ideas on which routes would be more likely travel
routes. Such a model would necessitate a decisién structure
that would incorporate type of road (autobahn, primary,
secondary, or tertiary); the load carrying capacity of any
bridges along that route that would limit route to vehicles
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less than a certain weight classification; a route that

would facilitate convoyv passage (whether a winding road,
hilly, numerous defiles); road interdiction potential; and
the number of built-up areas to traverse.

The effect of interdiction and convoy passage will
degrade the road quality over time. As time into the con-
flict increases, convoy rates would decrease as a result.
The hypothesized triangular distribution for the rate then
might better be represented by a mode that is closer to the
low value parameter instead of the average of the low and
high values.

This model assumes that the head element of the
convoy is always interdicted. This process needs to be
modified to include the stochasticity of when and where the
sortie and convoy would actually meet at the point of inter-
diction. The model assumes perfect intelligence to say that
existing technology and new technology will facilitate tar-
get acquisition. Also, sortie generation is considered

constant, with no modeling of the FEBA penetration.

One aspect not incorporated is the refugee problemand

how it would affect the movement of both combat forces and
the logistical effort. Until the refugee problem subsides,
it can be expected to have a lowering effect on convoy
movement rates.

Development of an interactive program to model real

time movement of convoys would provide a valuable training

108




i§ tool for training of corps and division staff elements in
Fﬁ the process of getting a feel for how rapidly second-echelon
F: forces will close the gap from detection to commitment.

:? Such a program would show the importance of getting timely

intelligence, processing it, deciding whether or not to
target, ordering the mission, executing the mission, and
analyzing the result. Such a model might show that incoming
data could easily overwhelm the information processors, and
thus delay the order to interdict, resulting in a missed
opportunity. This overwhelming of the processors would be
due to the amount of incoming information and the arrival
rate of this data.

Since the Warsaw Pact Armies are expected to consume
prodigious quantities of both petroleum products and ammuni-
tion with their rates of advance and reliance on firepower,
an indirect approach to getting at this one weakness might
be to examine what the required rates are to maintain this
momentum and how interdiction of these factors would affect
the capability to fight or sustain an offensive.

STOPEM assumes that echelonment of forces is taking
place. While the technique of echelonment is not charac-

teristic in all attack scenarios, attack without echelonment

would mean a dispersal of forces along a wider frontage.
Intelligence nets, processing of information, and decision
making would be deluged with inputs. This would make it

difficult to stop the attacking forces conventionally
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because the enemy force density would be fairly uniform,
arriving at the FEBA simultaneously. However, this might
raise the U.S. nuclear threshold because of presented target
densities. This might also increase the case for more and
more lethal wide area weapons to stop this wide attack. One
key point here is: do not assume away the possibility of

an attack on a wide frontage if Warsaw Pact intention is to
overwhelm a dispersed defense and prevent lateral shifting
of forces. Also, if the Warsaw Pact perceives NATO's reluc-
tance to use nuclear weapons, the Warsaw Pact could use high
speed roads such as autobahns to double up convoys abreast
and get units to the front faster. Without nuclear weapons,
conventional forces would be strained to stop such rapid
movement. As before, such a movement tactic could be
countered with WAAM type weapons. The point of all this is
that any studies done need + remain cognizant that echelon-
ment and dispersal ae not fixed doctrine because circum-
stance could dictate exceptions to what is considered normal
operating procedure.

STOPEM assumes that the interval between vehicles
and units varies between 25 and 50 meters. A study to deter-
mine Warsaw Pact equipment operator driving habits and how
they affect intervals and march discipline might provide
some interesting insights of how accurate estimates are. One
would expect that little or no previous driving experience

of the average Warsaw Pact soldier would mean stricter
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compliance with intervals. The contrast with the western

counterpart who has more driving experience and thus
carries bad habits (failure to maintain interval) with him
when operating military vehicles while in convoy would
probably show that the Warsaw Pact armies have better march
discipline. This characteristic might make it harder to
create vehicle bunching.

The areas mentioned in this chapter are considera-
tions for further study with STOPEM or as separate efforts.
Some are related directly and others indirectly since second-
echelon interdiction is a small subsystem of a much larger
and complex system. The ideas presented in this chapter
were meant as much to stimulate thought as well as possibly
provide ideas for enhancement of STOPEM or creation of new

models or studies.
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The comnuter model starts on the next page and is

divided into three parts: (1) job control cards; (2) the
SLAM coded portion; and (3) the FORTRAN coded portion. The
SLAM portion has an explanation of the global variables and
the attributes. The FORTRAN coded portion has comment cards
at strategic points to further clarify. The user is cau-
tioned about numbering of enter nodes. SLAM is limited to
25 enter nodes. Thus, any enter nodes numbered greater

than 25 will result in a SLAM input error. A way to get
around this, as this model shows, is to number any enter
nodes with the beginning numbers of the network, that is

all network enter nodes are numbered one through eight.
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CAF,CMIAS900 TAO0 10400,  TR2N3RO FULTON, 4258
ATTACE, PROCFIL, ID=AR 10171, SN=ASDAD.
REGTIN,NOSFILE.

ATTACY!, PROCFIL,SLAMPROC, ID=AFIT.
CET,THF22,ID=FULTON.
CET,TUS22,1D=FULTON.
FTNS(I=TU'S22,ANSI=0).
PEGIN,SLAMII,,I=THE22,M=LGO.
FYIT,U.

REWIND,TAFF. 11,

REWIND,TAPE15.

REWIND,TAPE 19,

REWIND,TAPE23.
PETLACE,TAPE 11, ID=FULTO.
REPLACE,TAFPE 15, ID=FULTOM,
REPLACE, TAFPE 19, ID=FULTOY.
REPLACE,TAPR23, ID=FULTO!.

* * % % * % »

GEN,G.A. FULTON,STOPEM,03/10/83,256;

LIMITS,3, 14,300;

PRIORITY/1,LVF(1); (INITIAL FILE WITH 44 ENTITIES)
PRIORITY/2,LVF(2); (AVAIT NODE PLO¥.1)

PRIORITY/3,LVF(2); (AWAIT NODE BLOK2)

NETWORK;

H
;*********************************************************************

3 DESCRIPTION OF ¥EY GLORAL VARIARLES AND ATTRIBUTES FOLLOW. EACH OF

;  THEC THREE ROAD METWORKS IS OUTLINED RELOW. INITIALLY,ATTRIBUTES

; 9 AND 10 ARE READ INTO FILE ONE. SUBSEOQUENT VALUES FOR ATTRIBUTE 9 & 10 ARE
; RECOMPUTED DUE TO RATE CHANGE IN SUBROUTINE EVENT. GATES BLOK] & BLOK2

s+ ARE TNITIALLY CLOSED TO DEMOTE THAT THE MAIN BODY HAS PRIORITY AT A ROAD

3 JUNCTION & THAT THE UNIT ENTERING HAS TO WAIT.

cRARRRARKARI ARk Rhkhkhkhkhkhhhhhhhhhhkrrhkhkhkhhhhhhkhhkhhkhkhhkhkhhhhhhhkhhhkhkkkkk

wes we w

¥X( 1)=COUNTER TO ACCESS ATTRIBUTES FILE I(EXNTITIES 1-15)
¥X(2)=COU!TER TN ACCESS ATTRIBUTES FILE I(ENTITIES 16-31)

we we

H XX(3)=COUNTER TO ACCESS ATTRIRUTES FILE I(EXTITIES 32-44)
H XX(4)=VAPIARLE FOR TESTING RATE,RESHUF]
H XX(5)=VARTIABLE FOR TESTING RATE,RESHUF2
H XX(6)=VARIABLE FOR TESTING RATE,RESHUF3
120



; XX(7)=NUMRER OF SORTIES

; XY(#)=NUMRER OF MISSILLS

: XX(9)=CNAUNTEP. IN SORTIE FOR NUMBER OF KILLS

: YX(1N)=VARIABLE TO INDICATE WHYNTHEPR OR MOT INTERDICTION(N==N(; 1--YEC)

; X¥(11)=COUNTER FOR NUMRER OF MISSILES SIINT(1,2,0R,3)

; X¥(12)=VARIABLE TO INDICATE TIAT EVENT 12 HAS OCCURRED

; (0==N03; 1-=YES) ,INITIALIZED TO N.0 1IN INTLC

; XX(13)=VARIARLE TO INDICATE TiAT EVENT 23 HAS OCCURRED

: (0~=20; 1=-YES),INITIALIZED TO 0.0 IN INTLC

; ¥X(14)=VARIARLE TO INDICATE THAT EVEXNT 34 HAS NCCURRED

: (0-=N0; 1--YES),INITIALIZED TO 0.0 IN INTLC

; ¥X(15)=VARIABLE TO ADJUST MODE PARAMETER IN CONVOY LENGTH

; DISTRIRUTION(0=--NOXNE; 0, 1--10% REDUCTION)

YY(16)=VARIABLE TO ADJUST MONT PARAMETER IN CNONVOY RATE
DISTRIBUTION(25.0--REGULAR;22.5--107 REDUCTION)

X¥(17)=VARIABLE TO ADJUST MODE PARAMETER IN CONVOY INTERVAL
DISTRIBUTION--RECON UNITS ONLY(UNITS 1,16,32)
(25.0--REGULAR;22.5--10% REDUCTION)

XY.(18)=VARTIABLE TO ADJUST MODE PARAMETER IN CONVOY INTERVAL
DISTRIRUTIONS--ALL OTHER UNITS
(4.0--REGULAR;3.6~-10% REDUCTION)

XX(19)=TIME OF FINISH FOR COMVOYS ROVUTE # 1

YX(20)=TIME OF FINISH FOR CONVNYS ROUTE # 2

¥¥(21)=TIME OF FINISH FOR CNNVOYS ROUTE # 3

; VY(22)=(XX(19)+¥X(20)+X¥(21))/3-~TIME OF TRAVEL MRD

; X¥X(23)=ARMORED VEHICLES FINISHED ROUTE # 1

¥¥(24)=ARMORED VEHICLES FINISHED ROUTE # 2

XX(25)=ARMORED VEHNICLES FINISHED ROUTE # 3

XX(26)=XX(23)+XX(24)+XX(25)--TOTAL ARMORED VEHICLES FINISHED

¥XX(27)=MEASURFE, OF MEPIT--NUMBEP OF ARMORED VEHICLES ARRIVED AT
TERMINATION POINT PER HOUR--XX(26)/XX(22)

XX(28)=COUNTER USED IN OUTPUT SURROUTINE GAFMGF

NP M WE WE We ws e ws W We W

wsr we we

s ATRIB( 1)=UNIT TYIT

; ATRIB(2): I=HEAD OF CONVOY, 2=TAIL OF CONVOY

H ATRIB(3)=NO. OF TRACK VLRICLES

s ATRIB(4)=N0O. OF UNEEL VEHICLES

H ATRIR(S5)=MIN UNIT LENGTH (KM)

; ATRIB(6)=MAX UNIT LENGTH (K")

H ATRIB(7)=AVG UNIT LENGTH (KM)-=(ATRIB(S5)+ATRIB(6)/2)

’ ATRIB(8)=UNIT LENCTH,SAMPLE FROM TRIANGULAR DIST (KM)

H ATRIB(9)=TRAVEL TIME FOR 1ST NODE (DISTANCE/ATRIB(11)--HRS)

; ATRIB( 10)= TRAVEL TIME SUBSEQURNT NODES (DISTANCE/ATRIB(11)--HRS)
> ATRIB( 11)=DAY RATE,MIXED CONVOY,SAMPLE FROM TRIANGULAR DIST (KM/IR)
H ATRIB( 12)=INTERVAL LENGTH,SAMPLE FROM TRIANGULAR DIST (XM)

H ATRIB(13)=TIME ENTITY STARTS (TNOW)

H ATRIB( 14)=TIME ENTITY FINISHES (TNNW-ATRIB(13))

; ATRIB( 15)=ASSIGNED RY SLAM AS ™AX NUMBER OF ATTRIBUTES(14)+1,

; AS EVENT CODL

H ATRIB( 16)=ASSICNED RY SLAM AS MAY NUMBER OF ATTRIBUTES(14)+2,

; EVENT TIMFE
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*

sROTTE RLUR(ENTITIES 1-15)

.
]

FVT1
ANT2
FuT}
ENT2
ACT 1
FKTR
GOl

ACT3
FV1l
ACT4
EV12
MAF

EV13
FV14
FV15

FV 16
FV17

STR1

EV18

GATE/RLO¥ 1, CLOSE, 23
GATE/BLOK2,CLOSE, 3;

EVENT, 1, 1;
ACT,,,G01;
ENTER,2,1;
ACT,,,G01;
ENTER,3,1;
ACT/1,,,G601;
ENTER,8, 1; (10T USED)
ACT,ATRIR( 10), ,MAF;
GooN, 1;

ACT/2 ,ATRIB(9);
EVENT, 11, 1;

ACT/3,ATRIB( 10),XX(10).E0.0.0.AND.ATRIB( 1).GE. 1.0,EV 14;
ACT,ATRIB( 10),XX(10).EQ. 1.0.AND.ATRIB( 1).E0. 1.0,EV12;
ACT,ATRIB( 10),XX(10).EQ. 1.0.AKD.ATRIB(1).GT.1.0,EV13;

EVENT, 12, 1;

ACT/4  ATRIR( 10), ,MAF;
AVAIT(2),BLOK 1, 1;
ACT/S,, EV17;
EVLNT, 13, 1;
ACT/6;
EVENT, 14, 1;

ACT/7 ,ATRIR( 10);
EVENT, 15, 1;
ACT,ATRIB( 10);
EVENT, 16, 1;

ACT ,ATRIB( 10),XX(10).EN.0.0.AND.ATRIB( 1).GC. 1.0,EV IR}
ACT ,ATRIB( 10) ,X¥%(10).EQ.1.0.AND.ATRIB(1).CT. 1.0,EV17;

EVENT, 17, 1;

ACT,ATRIB( 10),XX(10).EQ. 1.0.AND.ATRIB( 1) .EQ. 15.0,AND.

ATRIB(2).EC.2.0,STR1;

ACT,ATRIB( 1n),XX(10).E0Q, 1.0.AND.ATRIR(1).LE. 15.0,EV 18;

OPEN,RLOK1, 1;
ACT,,,EV18;
EVENT, 18, 1;
ACT,ATRIB( 10);

shhhkhkhkhhkhhkhkkhhhhhkhhhkhhhAhAhkhhhhhhhhhhkhhrhhkhhhhhhdhkhhhbhkhkhhkhhhhkhkhkhhk

we we w
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HEAD OF THE CONVOY BYPASSES COLLECT NODT. TIIIS NODL
ONLY INTERESTED IN TAIL TIME
s LAST UNIT FIKNISH TIME.

FINISH OF EACH ENTITY AND TIHEY
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;***********************************t************************* % d e gk Kk k ok

FV19 EVENT, 19,1;

ACTS5 ACT, ,ATRIB(2).EQ.1.0,G0OF;

ACT6 ACT;

COL1 COLCT,INT(13),UNIT TIME RT#1;
ACT;

€01  COLCT,ATRIB(3),ARMORED VEUICLES;
ACT,,,GOZ;

.
’

’
;ROUTE CREEN(ENTITIES 16-31)

b4

]

EV20 EVENT,20,1;
ACT,,,GO11;

ENT4 ENTER,4,1;
ACT,,,GO11;

ENT5 ENTER,S, 1;
ACT/8,,,C011;

ENT9 ENTER,9, 1;(NOT USED)
ACT, , ,EKF;

col1 coox,1;

ACT/9 ATRIB(9);

EV21 EVENT,21,1;

AT/ 10,ATRIR(10);

EV22 EVENT,22,1;
ACT/11,ATRIB(10),XX(10).F0.0.0,AND.ATRIB(1).GE. 16.0,EV25;
ACT,ATRIB( 10),X¥(10).E0.1.0,AND.ATRIR(1).EQ. 16.0,EV23;
ACT ,ATRIR(10) XX(10).E0Q.1.0.AND.ATRIB(1).GT. 16.0,FEV24;

EV23 EVENT,23, 1
ACT/12,ATRIB( 10), ,EKF;

EKF  AWAIT(3),BLOK2, 1;

ACT/13,, EV26;

EV24 EVENT,24,1;
ACT/14,, EV25;

EV25 EVENT,25,1;
ACT/ 15;

EV26 EVENT,26,1;

ACT ,ATRIB( 10),XX(10).E0.0,0,.AND.ATRIB(1).GE. 16.0,FV28;

ACT, ATRIB( 10),XX( 10).EQ. 1.0.AND.ATRIB( 1) .EC.31.0.AND.
ATRIB(2).E0.2.0,STR2;

AZT,ATRIB( 10) ,XX(10).EQ. 1.0.AND.ATRIB(1).GE. 16 .0 ,EV27;

STR2 OPEN,RLOK2, 1;

ACT,, ,EV28;

EV27 EVENT,27,1;

ACT,ATRIB( 10),X¥(10).EN. 1.0 ,AND,ATRIR(1).CE. 16.0,EV28;

EV28 FVEUT,28,1;

ACT/ 16, ATRIB( 10);
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TV20  EVENRT,29,1;
ATT,ATRIZ( 10);

FVIN EVENT,30, 1;
ACT,ATRIR( 10);

H

?
gRRkkARRRkhkhkhhhhhhkhhhhrhkhhhhhhhhhhhhhhkhhhhhhkkhhkrhhhhhhhkhkhkhhhhkk
H

;  HEAD OF THE CONVOY BYPASSES COLLECT !ODE. THIS NODL

;  ONLY INTEPRPESTED IM TAIL TIME FINISH OF EACH ENTITY AND THEN
s THY LAST UNIT FINISH TIME.

’
;*******i**************************************************************

EV31 EVENT,31,1;
ACT, ,ATRIB(2).E0Q.1.0,GOF;
ACT;

COL2 COLCT,INT(13),UNIT TIME RT#2;
ACT;

Cc02 COLCT,ATRIR(3),ARMORED VEU'ICLES;
ACT,,,CNE;

’
sROUTE PED(ENTITIES 32-44)

;
EV32 EVENT,32,1;
ACT,,,G021;

ENT6 ENTER,6,1;
ACT,,,C021;

ENT7 ENTER,7,1;
ACT/17,,,G021;

ENI0  FNTER, 10, 1; (NOT USED)
ACT,,,G030;

c021  GooN, 1;

ACT/ 18,ATRIR(9); b
FV33 EVENT,33,1; L
ACT,ATRIB( 10),X%(10).EN.0.0.AND.ATRIB(1).CE.32.0,EV36; !

ACT, ,ATRIB(1).E0.32.0.AND.XX(10).EN. 1.0, EV34;
ACT,ATRIB( 10) ,ATRIB( 1).GT.32.0.AND.XX(10).FE0.1.0,EV35;
EV34 EVENT, 34, 1;
ACT,,,CG03n;
en30  GOON, 1;
ACT,ATRIB( 10), ,EV36;
FV35 EVENT,35,1;
ACT;
EV36 FEVENT,36,1;
ACT,ATRIB( 10),XX(10) .E0.0.0.AND.ATRIR( 1).GE.32.0,EV37;
ACT,ATRIB( 10) ,XX(10).E0. 1.0.AXD.ATRIB( 1).GT.32.0,EV38;
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ATT,ATRTR( 10),¥Y(IN) . FC. 1.0 ANDLATRIR( 1).F0, 32,0, FV30;
FV37 EVLNT,37,1;

ANT/19,ATRIR( 10);
FV38 FEVENT,32,1;

ACT/20,ATRIB( 10), ,FV40;
FV39 EVENT,39,1;

ACT/21,ATRIR( 10), ,FV40;
;
;*************************t***************************************t*ki**
; HEAD OF THE CONVNY BYPASSLS COLLECT NODE. THIS NODE
;i ONLY INTERESTED IN TAIL TIME FIKISH OF EACH ENTITY AND THE"
; THE LAST UNIT FINISH TIME,

skhhkhkhkhhARhkhkhkkkhkhkkhkhkhhhhhkhkhhhhkhkhkhkhkhhhhkhkhkhhkdhhkhhhhkhhkhkhkhkkhkkkkkhk

FV4D EVENT,40,1;
ACT, ,ATRIR(2).E0.1.0,GOL;
ACT;

COL3 COLCT,INT(13),UNIT TIME PT#3;
ACT;

co3 COLCT,ATRIR(3),ARMORED VEHICLES;
ACT,,,GOT;

GOE  €0ON, 1;

TE TERM;
FND;

INIT, N, 150;

s+ STAPT OF 256 STMULATION RUNS, DONT IN BLOCKS OF
3 B, RANDO MUMBER SEEDS REINTTIALIZED AT START OF
;  EACH BLNCY. OF 64 RUNS.

INTLE,XX(10)=0.0,¥X(11)=0.0,¥X(15)=0.0,XX(16)=25,0,XX(17)=25.0,

XX(18)=4 .0
SEEDS;
STMULATF; :
SIMULATE;
SIMULATE;
SIMTLATE;
SIMULATE;
SIMULATE;
SIMULATE;

STMULATE;
INTLC,XX(10)=0.0,¥X(11)=0,0,X¥(15)=0.0,%X(16)=25.0,¥X(17)=22,5,
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3
(. [ 1
s
.
o
--‘.-
{
. YV(1R)=2,6;
O CENDS;
o CIMULATE;
: SIMULATE;
’ SIMULATE;
- SIMILATE;
a0 SIMULATE;
- SIMULATE;
e SIMULATE;
- SIMULATE;
e INTLC,XX( 10)=0.0,XX(11)=0,0,¥X(15)=0,0,¥%X(16)=22.5 ¥¥(17)=25.0,
- X¥(18)=4,0;
AN SEEDS;
NN SIMULATE;
s SIMULATE;
1 SIMULATF;
e SIMILATE;
i SIMULATE;
"y STMULATE;
N STMI'LATE;
N SIMULATE;
S INTLC,¥X(10)=0.0,¥X(11)=0.0,XX(15)=0,0,¥X(16)=22,5,XX(17)=22.5,
, XY(18)=3.6;
" SEEDS ;
i SIMULATE;
s STMULATE;
- SIMULATE;
BN SIMILATE;
- SIMULATE;
- STMI'LATE;
o SIMULATE;
e SIMULATE;
e INTLO, XX 10)=0.0 ¥X( 11)=0,0 ¥ (15)=0.1,XX(16)=25.0,XY(17)=25.N,
o YX(19)=4.0;
SEEDS;
i SIMULATE;
e SIMULATE ;
e SIMULATE;
B SIMILATE;
o SIMULATE;
.; SIMULATE;
A SIMULATE;
- SIMULATE;

INTLE,XX( 10)=0,0,XX( 11)=0.0,X¥(15)=0.1,¥¥(16)=25.0,¥X(17)=22.5,
YX(18)=3.6;

LA A
I“ l\."...l ;

N SEEDS;

P SIMULATE;
<. SIMULATF;
20 SIMULATE;
T~ SIMILATE;
.:-,
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N
%
N SINULATT
DA SIMULATE;
S SIMULATL;
AN SIMULATE;
L INTLA,¥Y(10)=0,0,¥X(11)=0.0 X¥(15)=0,1,¥X(16)=22,5,XX(17)=25.0,
i YX( 18)=4.0;
o SEEDS;
t{;; SIMULATE;
o SIMULATE;
e SIMULATE;
STMTLATE;
o SIMULATE;
- SIMULATF;
-: :: SIMULATE;
LY SIMULATE;
e INTLC,XX(10)=0,0,X¥(11)=N.0,XX(15)=0.1,¥X(16)=22.5,¥X(17)=22.5,
.y XX(18)=3.6;
SEEDS;
A .
N SIMULATE;
SASH SIMULATE;
= SIMULATE;
Y SIMILATF;
SIMULATF;
‘, . SIMULATE;
N SIMULATE;
P SIMULATE;
=5 ;
Y ; 28D BLOCK. OF 64 RUNS STARTS HERE.
1 b
P INTLC,XX(10)=1,0,¥X(11)=1.0,XX(15)=0.0,¥¥(16)=25.0,XX(17)=25,0,
0 X¥(18)=4,0;
e, SEEDS;
CalN v
AN SIMULATE;
o SIMULATE;
: SIMULATE;
e~ SIMILATE;
e SIMULATE;
. SIMULATE;
o SIMULATE;
N SIMULATE;

S5

4
1
-+

INTLC,X¥X(10)=1.0,¥X(11)=1.0,XX(15)=0.0,%¥%(16)=25.0,XX(17)=22.5,
XX(18)=3.6;

" SEEDS;

e SIMULATE;

o SIMULATE;

e STMULATE;

P SIMILATF;

o SIMULATE;

- STMULATE ;

ro SIMULATE;
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QTMULATE;

INTLE,XX(10)=1.0,%5(11)=1.0,XX(15)=0.0,X¥(16)=22,5,¥¥(17)=25.0
XX(1R)=4,0;

SEEDS;

SIMULATE;

STMULATE;

SIMULATE;

SIMILATE;

SIMULATE;

SIMULATE;

SIMULATE;

STIMULATE;

INTLC,XX(10)=1.0,XX(11)=1,0,XX(15)=0.0,XX(16)=22.5,XX(17)=22.5,
X¥(18)=3.6;

SEEDS;

SIMULATE;

SIMULATE;

SIMULATE;

SIMILATE;

SIMULATE;

STMULATE;

SIMULATE;

SIMI'LATE;

INTLC,XX(10)=1.0,XX(11)=1.0,3%¥(15)=0.1,%X(16)=25.0,XX(17)=25.0,
XX(18)=4,0;

SEEDS;

SIMULATE;

SIMULATE;

SIMULATE;

SIMILATE;

SIMULATE;

SIMULATE;

SIMULATE;

STMULATE;

INTLC,XX(IM=1.0,Y¥(11)=1.0,¥X(15)=0,1,¥X(16)=25.0,XX(17)=22.5,
¥X(18)=3.6;

SEEDS;

SIMULATE.;

SIMULATE;

SIMULATE;

SIMILATE;

SIMULATE;

SIMULATE;

SIMULATE;

SIMULATE;

INTLC,XX(10)=1.0,XX(11)=1.0,V¥(15)=0.1,XX(16)=22,5,XX(17)=25.0,
¥X(18)=4,0;

SEEDS;

SIMULATE;

SIMULATE;
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STMULATE;
SIMILATE;

SIMULATE;

SIMULATE;

SIMULATE;

STMULATE;

INTLG,XX(10)=1.0,XX(11)=1.0,XX( 15)=N.1,XX(14)=22.5,¥X(17)=22.5,

YX(18)=3.6;

SEEDS;

STMILATE;

SIMULATE;

STMULATE;

SIMILATE;

SIMULATE;

SIMULATE ;

STMULATE;

SIMULATE;

;  JRD BLNCK OF 64 RUNS STARTS HERF.

INTLC,XX(10)=1.0,¥X(11)=2.0,XX(15)=0.0,X%(16)=25.0,¥X(17)=25.0,
XX(18)=4,0;

SEEDS;

SIMULATE;

SIMULATE;

SIMULATE;

SIMILATE;

SIMULATE;

SIMULATE;

STHULATE;

SIMULATE;

INTLC,XX(10)=1,0,%XX(11)=2.0,X%¥(15)=0.0,XX(16)=25,0,XX(17)=22.5,
XX(18)=3.,6;

SEEDS;

SIMULATE;

SIMULATE;

SIMULATE;

SIMILATE;

SIMULATE;

SIMULATE;

SIMULATE;

STMULATE

INTLC,XX(10)=1,0,X¥(11)=2.0,XX(15)=0.0,XN(16)=22,.5,XX(17)=25.0,
XX(18)=4,0;

SEEDS;

SIMULATE;

STMULATE;

SIMULATE;

SIMTLATE;

SIMULATE;
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SIMULATS;

CSIMULATE;

SIMULATE;

INTLC,YX(10)=1.0 ,XN(11)=2,0 XN (15)=0.0,XN¥(16)=22,5,V¥(17)=22.,5,
XX(18)=3.6;

SEEDS;

SIMULATE;

SIMULATE;

SIMULATE;

SIMILATE;

CIMULATE;

SIMULATE;

SIMULATE;

SIMULATE;

INTLC,XX(10)=1.0,X¥(11)=2.0,X¥(15)=0.1,XX(16)=25.0,XX(17)=25.0,
¥¥X(18)=4.0;

SFEDS;

SIMULATE;

SIMULATE;

SIMULATE;

SIMILATE;

SIMULATE

SIMULATL;

SIMULATF;

SIMULATE;

INTLC,XX(10)=1.0,XX(11)=2,0,8%X(15)=0., 1,XX(16)=25.0,¥XX(17)=22.5,
XX(18)=3.6;

SEEDS ;

SIMULATE;

SIMULATE;

SIMULATE;

SIMILATE;

SIMULATE;

SIMULATE;

SIMULATE;

SIMULATE;

INTLC,YX(10)=1,0 ¥¥(11)=2.0,X¥(15)=0.1,¥XX(16)=22.5,XX(17)=25.0,
XX(18)=4.0;

SEEDS;

SIMULATE;

SIMULATE;

SIMULATE;

SIMILATE;

SIMULATE;

SIMULATE;

SIMULATE;

SIMULATE;

INTLC,YX(10)=1,0,¥X(11)=2.,0,XX(15)=0, 1,XX(16)=22.5,%X(17)=22.5,
XX(18)=3.6;

SEEDS;
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CIMULATYE;
SIMULATE;
SIMULATE;
STMILATE;
SIMULATE;
SIMULATF;
SIMULATE;
SIMULATE;
1

3 4TH BLOCK OF 64 RUNS STARTS HERE.

INTLC,XX(10)=1.0,¥X(11)=3.0,X¥(15)=0.0,¥XX(16)=25.0,%X(17)=25.0,
XX(18)=4.0;

SEEDS;

SIMULATE;

SIMULATE;

SIMULATE;

SIMILATE;

SIMULATE;

SIMULATE;

STMULATE;

SIMULATE;

INTLC,XX(1N)=1.0,¥%(11)=3,0,XX(15)=0.0 XX(16)=25.0,X%(17)=22.%
XX(18)=3,6;

SEEDS;

SIMULATE;

SIMULATE;

SIMULATE;

SIMILATE;

SIMULATE;

SIMULATE;

SIMULATE;

SIMULATE;

INTLC,VX(10)=1.0 %X (11)=3,0 XX(15)=",0,XY(1A)=22,5,VX(17)=25.0,
YY(18)=4,0;

SEEDS;

SIMULATE;

SIMULATE;

SIMULATL;

STIMILATE;

SIMULATE;

SIMULATE;

SIMULATE;

SIMULATE;

INTLO,YY.(10)= 1.0 XN(1))=3.0,XN(15)=D.N XX(1A)=22.5,¥X(17)=22.5,
YX(1R)=]3 A,

STEDS;

SIMULATE;

SIMULATE;

SIMULATE;

?
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<. SIMILATR,
- SIMULATF;
e STMULATE ;
- SIMULATE;
Y SIMULATE;
’ INTLC,XX(]0)=1.0,XX(1])=1.0,XX(]S)=O.l,XX(]6)=25.0,XX(]7)=25.0,
o X¥(18)=4.0;
N SEEDS;
. 7
SN SIMULATE;
o SIMULATE;
N SIMULATE;
i SIMILATE:
N SIMULATE;
T STMULATE;
v SIMULATE;
oy SIMULATE;

N INTLC, XX(10)=1.0,¥¥(11)=3.0,¥X(15)=0.1,XX( 16)=25.0,X%( 17)=22.5,
4. X¥(18)=3.6;

L SEEDS
N SIMULATE;

N SIMULATE;

~As STMULATE;

i SIMILATE;
P SIMULATE;

A SIMULATE;

Ay SIMULATE;

e SIMULATE;

s INTLC,XX(10)=1.0,XX(11)=3.0,X¥%(15)=0.1,XX(16)=22.5,XX( 17)=25.0,
N XX(18)=4.0;

. SEEDS;

" STMULATE;

NN SIMULATZ;

o STIMILATE;

. STMILATE;
2. SIMULATE;

— SIMULATE;
= SIMULATE;
STMULATE ;

7Jf; TKTLE, ¥X(10)=1.0,XX(11)=3.0,XX(15)=0. 1,XX( 16)=22.5,XX( 17)=22.5,
" ¥X(18)=3.6;

P SEEDS;
s SIMULATE ;
iy SIMULATE;
e SIMULATE ;
- SIMILATE;
o SIMULATE;
- SIMULATE;
.' SIMULATE;
e SIMULATE;
o FIN;
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3 *
- *
o PROGRAM MAIN(INTUT,OUTPUT,TAPES=INPUT,TAPE6=0UTPUT,TAPE7,TAFE 15)
.- DIMENSION NSET(10000)
ot ) COMMON/SCOM1/ATRIR( 100),DD( 100) ,DDL( 100) ,DTNOW, TT,MFA, MSTOP, ICLNR
AN + ,NCRDR,NPRNT,NNRUN,NNSET,NTAPE,SS(100),SSL(100), TNEYT,TNOY,
4 + XX(100)
COMMON OSET( 10000)
ENUIVALENCE (NSET(1),0SET(1))
NCRDR=5
NPRNT=6
NTATE=7
NNSET=10000
P CALL SLAM
e STOP
"y END
Y *
= *
- hhkkhkkhkhkhkhkhhkhkhhkhkhkhkhkhkhhhkhhhkhkhhkhkhhkkkhkhhhkhhkkhhrhkhkhkhkhkkkhhhhhkhkhkhkhkhkhkkhhkkkkhk
¢ %
.
. * VALUES USED THROUGH OUT THE PROGRAM ARE INITIALIZED AND READ INTO
< * FILE ONE,WHERF THE RANKING IS BASED ON THE LOW VALUF
- * OF ATRIBUTE 1,THE UNIT DNSICHATION.
- .
» .' hhkkhkhkkhkhhkhkhhkhkhhkhkkhhkkkhkhkhkhhkhkhkhkhhkhkhhhhkhhkkhkhkhhkhhhkhkhhhkkhkhkhkhkhkhkhhkhkhkikhkhkkhkhk
. *
:::-:' *
o SURROUTINE IKTLC
N COMMON/SCOM 1/ATRIB( 100),DD( 100),DDL( 107),DTNOW, T1,MFA, MSTOF, NCLAR
o + ,NCRDR,NPRNT,NNRUN,NNSET,NTAPE,SS(100),SSL( 100) , TNEXT, TNOY,
o + XX(100)
i:\ COMMON/UCOM 1/TIME, TIME 1, TIME2, TIME3, TIME4, TIMES, POLICY, ROUTE
~ + ,12,13,J1,J32,J3,DIF1,DIF2,DIF3,DPTIME, DTIMEP,NUMKIL,DTNIS ],
¢;w + DTMIS2,DTMIS3,1,J
! SAVE/UCOM1/
oG- DIMENSION A(20),B(20),6(20)
o REAL TIME,TIMEI1,TIME2,TIME3,TIME4,TIMES,DIF1,DIF2,DIF3,
= + DTIME,DTIMEP,DTMIS1,DTMIS2,DTMIS3, TIMEM
S INTEGER 1,11,12,13,J,J1,J2,J3,K,L,M,N, POLICY,ROUTE,
o + NUMKIL,NUPLAN,4SUOT
S DATA A,B,C/20*0,0,20%0.0,20%0,0/
W DIF1=0.0
o DIF2=0.0
f! DIF3=0.0
- X¥(1)=1
i XX(2)=16
?,:: 133
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¥X(3)=32

¥X(4)=N.0
¥X(5)=0.0
XX(6)=N.0
¥X(7)=30.0
XX(8)=100,0
XX(12)=n.0
X¥(13)=0.0
¥Y(14)=0.0
XX(19)=0.0
XX(20)=0.0
X¥(21)=0.0
XX(22)=0.0
X¥(23)=0.0

X¥(24)=0.0
XX(25)=0,0
XX(26)=0,0
¥¥(27)=0.0
XX(28)=0.9
*
%*

hhhkhkhkhkhkkhkhkhkhhhkhkkhkhkhkhhkhkhkhkhhkkhkhkhkhkhkhkhkhkhkhhhkhhkhkhkkhkhhhkdekhhkhkhkhhkkkhkhkhhkhkkhhdhkkk

POUTE BLUE (ENTITIES 1-15). ATRIBUTES 1~12 FOR ENTITIES 1-15 ARE
READ INTO FILE ONE. ATRIBUTE ONL IS THE UNIT NUMBER. OTHER
ATRIRUTES ARE EXPLAINED IN THE SLAM CODED PORTICM OF THE MODEL ABOVE,

* % ¥ ¥ ¥

hhkhFAhA AR IR AAIAIA R AR AR KR RRAR A AR AR AR AR A A A ARk Ak kA hkhhkrhkkhkhkhkhkAkkrhkhhkkk
*
*
Al 1)=1
A(2)=1.0
A(3)=57
A(4)=32
A(5)=2.4
AC6)=4.8
A(7)=3.6-XX(15)%3.6
A(B)=TRIAG(A(S5),A(7),A(6),4)
A(11)=TRIAG(20.0,¥X(16),30.0,1)
A(12)=TRIAG(20.0,¥X(17),30.0,3)
A(9)=64.784/A(11)
AC10)=14.864/A(11)
CALL FILFM(1,A)
A(1)=2
A(2)=1.0
A(3)=5
A(4)=25
A(5)=N.75
A(A)=1,5
A(7)=1,125-XX(15)*1,125
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APY=TRIAC(A(S),A(T ), AL(6),4)
ACTD=TRIAG(20.0,¥Y(16),30.0,1)
A(12)=TRIAC(3.N,X¥(18),5.0,3)
ACQY=R4, 7RL/ACTY])
ACIN) =14 ,864/A( 1Y)

CALL FILEM(1,A)

A(1)=3

A(2)=1.0

A(3)=2¢%

A(4)=2

A(5)=0.9

A(R)=1.8
A(7)=1.35-XX(15)*1.35
A(8)=TRIAG(A(S5),A(7),A(6R),4)
AC11)=TRIAG(20.0,XX(16),30.0,1)
A(12)=TRIAC(3.0,XX(18),5.0,3)
A(9)=64.784/A(11)
AC10)=14,R64/A(11)

CALL FILEM(1,A)

A( 1)=4

A(2)=1.0

A(3)=33

A(4)=9

A(5)=1.1

A(R)=2.2
A(7)=1,65-XX(15)*1.65
A(8Y=TRIAGCA(S),A(T),A(H),4)
A(11)=TRIAC(2N.0,XX(16),30.0,1)
A(12)=TRIAG(3.0,XX(18),5.0,3)
A(9)=64.784/A(11)
AC10)=14,864/A(11)

CALL FILTM(1,A)

A( D=5

A(2)=1.0

A(3)=30

A(6)=9

A(5)=1.0

A(6)=2.D

A(7)=1.5-XX(15)*1.5
A(BY=TRIAC(A(S),A(T),A(6),4)
A(11)=TRIAG(20.0,XX(16),30.0,1)
A(12)=TRTAG(3.0,XX(18),5.0,3)
A()=h4.7B4/A(1])
AC10)=14.864/A(11)

CALU FILEM(1,A)

A( 1)=6

A(2)=1.0

A(3)=7

A(4)=RQ

A(S5)=2.5
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. A(6)=5.0

-‘:. A(7)=3.75‘X)\’(}5)*3.75

= A(B)=TRIAG(A(S),A(7),A(h),4)

T ACI1)=TRIAG(20.0,¥¥(16),30.0, 1)
o~ A(12)=TRTAG(3.0,X¥(18),5.0, 3)
. A(9)=64.784 /A(11)

AC10)=14,864 /A( 1))
CALL FILEM(1,A)

Al 1)=7

A(2)=1.0

A(3)=51

A(4)=2

A(5)=1,4

A(6)=2.8

A(7)=2,1-¥Y(15)*2,1
A(R)=TRIAG(A(5),A(7),A(6),4)
AC11)=TRIAG(20.0,¥%(16),30.0, 1)
A(12)=TRIAG(3.0,%X%(18),5.0,3)
A(Q)=R4, 7R4/A(11)
AC10)=14,864/A(11)

CALL FILEM(1,A)

A(1)=8

A(2)=1.0

A(3)=5

A(4)=30

A(5)=0,875

A(A)=1.75
A(7)=1.3125-X¥(15)*1.3125
A(B)=TRIAG(A(S),A(7),A(6),4)
ACI1)=TRIAG(20.0,X¥(16),30.0, 1)
A(12)=TRIAC(3.0,¥¥(18),5.0,3)
A(9)=64,784 /A(11)
AC10)=14,864/A(11)

CALL FILFM( 1,A)

AC 1)=9

A(2)=1.0

A(3)=0

A(4)=15

A(5)=0,4

A(6)=0,R

A(7)=0,6-XX(15)*0.6
A(R)=TRIAG(A(S),A(7),A(6),4)
AC11)=TRIAG(20.0,X¥(16),30.0, 1) .
A(12)=TRIAG(3.0,XX(18),5.0,3) "
A(9)=64.7B4/ACT]) -
AC10)=14,864/A(11) !
CALL FILEM(1,A) R
A(1)=10 :
A(2)=1.0 ;
A(3)=0 5

PPN, SN AR ]
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A(4)=59
A(5)=1.6

A(6)=3.2

A(7)=2,4=-XR(15)*2 4
A(8)=TRIAG(A(5),A(7),A(R),4)
A(11)=TRIAG(20.N,¥X(16),30.0,1)
A( 12)=TRIAG(3.0,X¥(1R),5.0,3)
A(9)=64,784/A(11])
AC10)=14.8A4/A(1])

CALL FILEM(1,A)

A(1)=11

A(2)=1.0

A(3)=0

A(4)=59

A(5)=1.6

A(6)=3.2

A(7)=2.4-XX(15)*2 .4
A(B)=TRIAG(A(S),A(7),A(6),4)
A(11)=TRIAG(20.0,%¥X(16),30.0,1)
A(12)=TRIAG(3.0,X¥(18),5.0,3)
A(9)=64,784/AC1))
A(10)=14.864/A(11)

CALL FILEM(1,A)

A(D)=12

A(2)=1.0

A(3)=0

A(4)=18

A(5)=0.5

A(6)=1.0

A(7)=0.75-X¥(15)*%0,75
A(8)=TRIAG(A(5),A(7),A(6),4)
A(11)=TRIAC(20.0,¥X(16),30.0,1)
A(12)=TRIAC(3.0,¥X(18),5.0,3)
A(9)=64.T784/ACI]D)
ACIN)=14.864/A(C11)

CALL FILEM(1,A)

A(1)=13

A(2)=1.0

A(3)=0

A(4)=71

A(5)=1.9

A(6)=3.8

A(7)=2.85-XX(15)*2.85
A(B)=TRIAG(A(S5),A(7),A(6),4)
AC11)=TRIAC(20.0,XX(16),30.0,1)
A(12)=TRIAG(3.0,X%(18),5.0,3)
A(9)=64.7B4/A(1])
A(10)=14,B64/A(11)

CALL FILEM(1,A)

ACD)=14
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A(2)=1.0
A(3)=0

A(L)=48

A(5)=1.3

A(F)=2.6
A(7)=1,95-¥X(15)*1.95
A(R)=TRIAG(A(5),A(7),A(6),4)
A(11)=TRIAG(20.0,¥¥(16),30,0,1)
A(12)=TRIAG(3.0,XX(18),5.0,3)
A(9)=64.7R4/A(1])
AC10)=14.864/A(11)

CALL FILEM(1,A)

A(1)=15

A(2)=1.0

A(3)=0

A(4)=202

A(5)=5.1

A(6)=10.2
A(7)=7.65-¥X(15)*7.65
A(8)=TRIAC(A(5),A(7),A(6),4)
A(11)=TRIAG(20.0,XX(16),30.0,1)
A(12)=TRIAG(3.0,¥X(18),5.0,3)
A(9)=64,784/A(11)
AC10)=14,864/A(11)

CALL FILEM(1,A)
*

*
hhkhhkkhkkhkhkhhkhhkkhkkkhhhhkkhhkhkhkkhhkhhkhkhkhkhhkhkhhkhhkhkkkhkhhhhkhkhkhkkhhkhkhkhhkhkkkkkk

ROUTE GRECN (ENTITIES 16-31). ATRIRUTES 1-12 FOR ENTITIES 16-31 ARE
PEAD INTC FILE ONE. ATRIBUTE ONE THE UNIT NUMBER. OTHER
ATRIBUTES ARE EXPLAINED IN THE SLAM CODED PORTION NF TIE MODEL APRNVE.

* % ¥ * %

hhkhkhkhkhhhhkhhhkhhhhhhhhkhhhkhhhhhhkhhhhhkhkhhhhkhkhhhhhdhhkhkhhkhkhhkhkkhhkkhkhhkkhhk
*

%*
B(1)=16
B(2)=1.0
B(3)=57
B(4)=32
B(5)=2.4
B(6)=4 .8
B(7)=3.6-XX(15)*3.6
R(8)=TRIAG(E(5),B(7),R(6),4)
R( 11)=TRIAG(20.0,XX(16),30.0,1)
P( 12)=TRIAG(20.0,XX(17),30.0,3)
R(9)=64.972/R( 11)
R(10)=7.628/R( 11)
CALL FILFM(1,B)
B(1)=17
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R(2)=1.0
P(3)=5

R(4)=25

P(5)=N,75

B(6)=1.5

R(7)=1.125-X%(15)*1, 125
B(8)=TRIAG(P(5),R(7),R(6),4)
R(11)=TRIAG(20.0 ‘\(]6) 30.0 )
R(12)= TRIAc(3.n,xx(18),5.o,3)
R(9)=64.972/R(11)
B(10)=7.628/P(11)

CALL FILEM(1,®)

B(1)=18

R(2)=1.0

R(3)=28

R(4)=2

B(5)=0.9

R(6)=1.R

R(7)=1.35-X¥(15)*1,35
P(8)=TRIAC(R(5),B(7),B(6),4)
R(11)=TRIAG(20.0,¥X(16),30.0, 1)
R( 12)=TRIAG(3.0,X¥(1R),5.0 3)
R(9)=64. 972/3(11)
B(10)=7.628/B(11)

CALL FILEM(1,B)

B( 1)=19

B(2)=1.0

B(3)=33

P(4)=9

R(5)=1,1

P(6)=2.2

R(7)=1.65-¥X(15)*1.65
B(8)=TRIAG(P(5),R(7),B(6),4)
P(11)=TRIAG(20.0,X¥%(16), 30.0 D
B(12)=TRIAC(3.0,X¥(18),5.0 3)
R(9)=64.972/R(11)
BR(10)=7.628/R(11)

CALL FILEM(1,R)

R( 1)=20

B(2)=1.0

R(3)=30

B(4)=9

B(5)=1.0

R(6)=2,0

P(7)=1.5-XX(15)*1,5
B(8)=TRIAG(B(5),R(7),R(6),4)
R(11)=TRIAG(20.0 YY(16) 30.0 D))
R( 12)=TRIAG(3.0,XX(18),5.0 3)
B(9)=6h4. 972/8(11)
R(10)=7.628/R(11)
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CALL FILEM(1,PR)

R(1)=21

P(2)=1.0

B(3)=7

R(4)=89

R(5)=2.5

R(6)=5.0
B(7)=3.75-XX(15)*3.75
B(R)=TRIAC(R(5),R(7),B(6),4)
R( 11)=TRIAG(20.0,XX(16),30.0,1)
B( 12)=TRIAC(3.N,¥X(1R),5.0,3)
B(9)=64.972/R(11)
R(1N)=7.628/R(11)

CALL FILEM(1,R)

P(1)=22

R(2)=1.0

R(3)=0

R(4)=59

B(5)=1.6

B(6)=3.2

B(7)=2.4=-XX(15)*2.4
B(8)=TRIAG(R(5),R(7),R(6),4)
R(11)=TRIAG(20.0,%X(16),30,0,1)
B(12)=TRIAG(3.0,XX(18),5.0,3)
B(9)=64.,972/B(11)
R(10)=7.628/B(11)

CALL FILEM(1,R)

B( 1)=23

R(2)=1.0

R(3)=0

R(4)=57

R(5)=1.5

R(6)=3.0
R(7)=2.25-XX(15)*2,25
B(R)=TRIAG(P(5),B(7),B(6),4)
B(11)=TRIAG(20.0,XX(16),30.0,1)
RP(12)=TRIAC(3.0,%X%(18),5.0,3)
R(9)=64.972/R(11)
R(10)=7.62E/B(11)

CALL FILEM(1,B)

R(1)=24

R(2)=1.0

B(3)=0

B(4)=56

B(5)=1.5

B(6)=3.0
R(7)=2.25-XY(15)%*2,25
R(8)=TRIAG(R(5),B(7),R(6),4)
B( 11)=TRIAG(20.0,¥X(16),30.0,1)
B( 12)=TRIAG(3.0,XX(18),5.0,3)
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> P(O)=h4,072/R(11)
o R(10)=7,629/0(11)
Ji CALL FYLEM(1,R)
) B(1)=25
= R(2)=1.0
- R(3)=22
o B(4)=T6
- P(5)=2.5
- P(6)=5.0
-3 B(7)=3.75-¥¥(15)*3,75
- R(R)=TLIAG(R(S5),R(7),B(6),4)
! R(11)=TPIAG(20.0,¥X(16),3n,0 1)
e B( 12)=TR.AG(3.0,XX(18),5.0,3)
2 B(9)=h4.972/R(11)
Z:j R(10)=7.628/P(11)
-~ CALL FILEM(1,R)
s R( 1)=26
4 B(2)=1.0
< R(3)=0
" P(4)=56
- B(5)=1.5
e R(6)=3.0
a B(7)=2.25-Y.X(15)*2,25
L R(8)=TRIAG(B(5),R(7),B(6),4)

B(11)=TRIAG(20.0,¥X(16),30.0,1)
. B( 12)=TRIAG(3.0,XX(18),5.0,3)
. B(9)=64.972/P(11)

. F(10)=7.628/B(11)
CALL FILEM(1,B)

n B(1)=27
TN B(2)=1.0
) B(3g=o
o R(4)=66
- B(5)=1.8
. R(6)=3.6
v R(7)=2,7-¥X(15)*2.7
- B(8)=TRIAG(P(5),B(7),R(6),4)
- B( 11)=TRIAG(20.0,¥X(16),30.0,1)

- B( 12)=TRIAG(3.0,XX(18),5.0,3)

- B(9)=64.972/B(11)
G R(10)=7.628/B(11)
~ CALL FILEM(],B)
o R(1)=28
I B(2)=1.0
:2 R(3)=0
,: R(4)=40
B(5)=1.1
: P(6)=2,2
"~ R(7)=1.65-XX(15)*1.65
= R(8)=TRIAG(B(5),B(7),B(6),4)
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b AL %

FOID)=TRIAC(20.0,¥X(16),30.0, 1)
P(12)=TPIAC(3.0,¥Y(1R), 5,0 3)
P(9)=h4.972/P(11)
R(10)=7.628/R(11)

CALU FILEM(1,B)

P(1)=29

R(2)=1.0

R(3)=5

R(4)=69

B(5)=1.7

R(6)=3.4
B(7)=2.55-XX(15)%2.55
B(B)=TRIAG(R(5),B(7),B(6),4)
B(11)=TRTIAG(20.0,¥X(16),30.0,1)
R(12)=TRIAG(3.0,XX(18),5.0,3)
B(9)=64.972/R(11)
B(10)=7.62R/R(11)

CALL FILEM(1,R)

B( 1)=30

B(2)=1.0

B(3)=0

B(4)=18

B(5)=0.5

B(6)=1.0
B(7)=0,.75-X¥(15)*0.75
R(B)=TRTAG(B(5),R(7),B(6),4)
B(11)=TRIAG(20.0,¥¥(16),30.0,1)
B(12)=TRIAG(3.0,XX(18),5.0,3)
B(9)=64.972/B(11)
R(10)=7.628/R(11)

CALL FILEM(1,PR)

R( 1)=31

R(2)=1.0

B(3)=0

B(4)=31

R(5)=0.9

B(6)=1.8
R(7)=1,35-XX(15)*1.35
R(8)=TRIAG(B(5),B(7),R(6),4)
B(11)=TRIAG(20.0,¥X(16),30.0,1)
R(12)=TRIAG(3.0,¥X(18),5.0,3)
B(9)=64.972/R(11)
R(10)=7.628/B(11)

CALL FILTM(1,R)

********************t********************************************

ROUTE RED (ENTITIES 32-44), ATRIBUTES 1-12 FOR ENTITIES 32-44 ARC
READ INTO FILE ONE. ATRIBUTE ONE IS THT UNIT NUMBER. OTIER

N LT ey Te g T
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ATRIRBUTES ARE CNTLAINTY IN TIrE

SLAY CODED PRIODTINT OF TUT “IADEL ARNVE,
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*
*

a(1)=37

€(2)=1.0

€(3)=5

C(4)=3n

€(5)=0.875

€(6)=1.75
C(7)=1.3125-XX(15)*1.3125
C(8)=TRIAG(C(5),C(7),C(6),4)
C(11)=TRIAG(20.0,¥X(16),30.0,1)
€( 12)=TRIAG(3.0,¥X(18),5.0,3)
€(9)=56.628/C(11)
C(10)=11.616/C(11)

CALL FILEM(1,C)

C(1)=32

€(2)=1.0

€(3)=39

€(4)=8

€(5)=1.5

€(6)=3.0
C(7)=2.25-XX(15)*2.25
C(R)=TRIAG(C(5),C(7),0(6),4)
C( 11)=TRIAG(20.0,XX(16),30.0,1)
C( 12)=TRIAG(20.0,X%(17),30.0,3)
€(9)=56.628/C(11)
a(10)=11.616/C(11)

CALL FILEM(1,C)

c(1)=33

€(2)=1.0

c(3)=6

c(4)=10

€(5)=0.5

C(6)=1.0
C(7)=0.75-XX(15)*0,75
C(R)=TRIAG(C(5),0(7),C(6),4)
C( 11)=TRIAG(20.0,¥X( Irb
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P CC12)=TRIAG(3.0,%Y(19),5.0,3)
N C(9)=56,628/(11)
! (10)=11.616/C(1 1)
: CALL FILTM(1,0)
C(1)=34
€(2)=1.0
€(3)=33
C(4)=0
€(5)=1.0
€(6)=2.0

C(7)=1.5-XX(15)*1.5
C(8)=TRIAG(C(5),0(7),0(6),4)
C(11)=TRIAG(20.0,%X(16),30.0,1)
C(12)=TRIAG(3.0,¥X(18),5.0,3)
€(9)=56.628/C(11)
C(10)=11.616/C(11)

CALL FILEM(1,C)

c(1)=35

€(2)=1.0

€(3)=23

C(4)=0

€(5)=0.7

C(h)=1.7

C(7)=1.2-XY(15)*1,2
C(8)=TRIAC(C(5),6(7),C(6),4)

C( 11)=TRIAG(20.0,X%(16),30.0,1)
C(12)=TRIAG(3.0,XX(18),5.0,3)
C(9)=56.628/C(11)
C(10)=11.616/C(11)

CALL FILEM(1,C)

C(1)=36

. C(2)=1.0
e €(3)=15
"l C(4)=P9
A €(5)=2.6
SR C(6)=5,2

C(7)=3.9-X¥(15)*3.9

o C(8)=TRIAG(C(5),0(7),C(h),4)
N C(11)=TRIAG(20.0,¥X(16),30.0,1)
o C(12)=TRIAG(3.0,¥X(18),5.0,3)
Qe €(9)=56,628/C(11)

P’
A

C(10)=11.616/C(11)
CALL FILEM(1,C)

is (
e €(1)=38 !
0 €(2)=1.0 1
o €(3)=0 |
N7 csa)=18
v C(5)=0.5

' C(6)=1.0

C(7)=0.75=-¥%X(15)*0,75

144

.r‘._. L .. ’
W Lo
- ]

. MO R A

5.

-

- .

Ly

AL
G R SR g R o [ O e A 0 e o NN AT S N D P I A N, SO S AT NG N AR AT AT IS

2.F -
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{ p
29!
- COEN=TPIAC(C(S),C(7),0(0),4)
{: COYN=TRIAG(20,0 XY (16),30.0, 1)
" COI2)=TRIAG(I.O,XY(1R) & 0 1)
- C(9)=56.625/C(11)
Lo COIM=11,81A/C(11)
15 CALL FILE'(1,0)
; C(1)=30
c(2)=1.0
e C(3)=57
o C(4)=32
o C(5)=2.4
N C(6)=4 °
C(7)=3.6-YX(15)*2.5
e C(E)=TRIAG(C(5),C(7),0(6),4)
’;ﬁ C(11)=TPIAC(20.0,¥X(16),30.0,1)
N C(12)=TRTIAC(3.0,X¥(18),5.0,3)
XX €(9)=56.622/C(11)
N C(1INM=11,61A/C(11)
e CALL FIL=M(1,C)
e C(1)=40
::_: c(2)=1.0
a(3)=5
L C(4)=25
o €(5)=0.75
\ €(6)=1,5
¢ C(7)=1.125-¥X(15)*1,125
¥ C(8)=TRIAG(C(5),C(7),C(6),4)
:; CC(11)=TRIAC(20.0,¥X(16),30.0,1)
ﬁb{ C(12)=TRTAGC(3.0,¥X(1R),5.0,3)
e C(9)=56.628/C(11)
i C(1M)=11.61A/6(11)
o CALL FILEM(1,0)
iy C(1)=41
:.‘.::. C(2)=1.0
:; C(3)=28
- C(4)=2
e f(5)=n,0
o c(6)=1.#
AT C(7)=1,35-XX(15)*1,35
,-.'..:- C(8)=TRIA(‘-(C(5),C(7),C(6),A)
AT CCI1)=TRIAG(20.0,XX(16),30.0,1)
N C(12)=TRIAC(3.0,¥%X(18),5.0,3)
T C(9)=56.628/C(11)
e C(1N)=11,616/C(11)
.:.‘_.: CALL FILEM(1,0)
el C(1)=42
C(2)=1,0
.- C(3)=33
(4)=9
€(5)=1.1
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o Ci6)=2.2
b C(7)=1.65=X¥(15)*1.65
g C(R)=TRIAC(C(5),0(7),0(h),4)
it C(11)=TRIAG(20.0,¥X(16),30.0,1)
- C(12)=TRIAG(3.0,¥%(18),5.0,3)
Y C(9)=56.628/C(11)
— £(10)=11.616/C(11)
CALL FILEM(1,0)
T €(1)=43
o €(2)=1.0
a c(3)=23
0 €(4)=9
- €(5)=1.°
- C(h)=1.6
N C(7)=1.2-%¥(15)*1.2
In €(8)=TRIAG(C(5),C(7),C(6),4)
o C(11)=TRIAG(20.0,X¥(16),30.0,1)
SN €(12)=TRIAG(3.0,XX(18),5.0,3)
- C(9)=56.62R/C(11)
a €(10)=11.616/c(11)
- CALL FILEM(1,0)
Y C(1)=44
- £(2)=1.0
N €(3)=14
C(4)=124
o C(5)=3.7
7 C(6)=7.4
» C(7)=5.55-X¥(15)%5.55
e C(8)=TRIAG(C(5),0(7),C(6),4)
b C(11)=TRIAG(20.0,¥X(16),30.0,1)
C(12)=TRIAC(3.0,¥X(18),5.0,3)
re €(9)=56.628/C(11)
7 C(10)=11.616/C(11)
' CALL FILE!N(1,C)
W *
.-:. *

» khkhkhkhhhkhkhkhkhhhkhkhkhkkhkhhhkhkhkkhhhkhkhkkhkhkhhkhAhhkhkhkhhkhkkbhhhkhhhkhkhkhkkkhkkhkk
P * NETUORK PASSAGE IS INITIATED BY CALLING THE EVENT NODE
Kot * AT THE START OF EACH ROAL NETWORK.
S *

::,é RhkhkhkhhhkhkhkhkhkhhhhkhkrhhkkhhkhhhkhkhkhhkhkhhkkhhkhhkAA Ak rh Ak hhkrhkAhhkkhkkhk
- *

i *

= CALL SCEDL(1,0.0,ATRIB)

. CALL SCIIDL(20,0,0,ATRIR)

o CALI. SCHDL(32,0.0,ATRIN)

- RETURN

- END

L .
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SHRROUTINT EVENT(IN)
COMUON/SOOMT/ATRIR( 100),DD(100) ,PDL( 100) ,DTRNW, 1T, 4MFA, MSTOT, NCLNR
+ ,NCRDR, NPRNT,NNRUN NNSET, NTAPE, SS(100),SSL(1ND)  TRENT, IN0wW,
+ XX(100)
COMMAN/UCOMY/TIME, TIME ], TIME2, TIME3  TIMES, TIMES, POLICY, ROUTT
+ ,12,13,J1,32,33,DIF1,DIF2,DIF3,DTIME, PTIMEP, NUMKIL, PTMIC Y,
+ DT™MIS2,DTMIS3,1,J
« vE/UCOMY/
RIAL TIME,TIMS],TIME2, TIME3,TIMES4, TIMES,DIF1,DIF2,DIT3,
+ PTIME DTIMED,DTMIS ], DTMIS2,DTHIS3, TIME
INTECER 1,11,12,12,J,31,32,J33,F,L,1, N, POLICY,ROUTE,
+ WUMKIL,NUPLAN,MSUNT
POLICY=Y¥(10)
cOH TO(100,200,300,400,500,600,700 800,900, 1000, 1100, 1200, 1300,
1400, 1500, 1600, 1700, 1800, 1900,2001,2100,2200,2300,2400,
25n0,2600,2700,2800,2900,3000,3190,3200,3300,3400,35%0,3510,3700,
3800, 39190,4000), IN

+ 4+ +

*
*

khkhkkhkkhkhkhhhkhkhkhhkhkhhkhkhkhkkhkhkhkhkhhhhkhhkhkhhkhkhkhkhhhhhkhhkhkkhhkhhkhkhhhkhhkhhkhkhkhkk

PNUTE BLUE (ENTITIES 1-15). FIRST FVENT NODE STARTS THE SCHEDULING

OF THE COXNVOYS. THE HEAD & TAIL OF THE CONVOY APE SCHEDUL®ED TO COME
INTO THE NETUORY. WITH THE ENTER NODES 2 & 3 AT THE TIME THAT ALLOWS FOR
PASSAGE OF THE VEWICLES IN PUTWEEN THE HEAD AND TAIL. SUBSENUENT EVENTS
RECOMPUTE ATRIBUTE 10,THE TIME THROUGH THE NEXT NODLS.

FXD TIME IS COMPUTED AND SEMNT TO TATE 1IN EVENT 19.

WHEN ATRIRUTE 2 VALU'E IS 2,THIS REPRESENTS THE TAIL OF THE

CONVOY, WHEM THE VALUL OF ATRIRUTL 2 IS I(HEAD),IT BYPASSIS

THE LAST EVENT IMN THE APPROPRTIATE ROAD SECMENT.

Kdkkhkkhkhkhkkhkkkhhhkhkhhhhhkhkhhkhhhhhkhkhhkhkhdhkhkhrhhkhhhhhhkhkhrkdhhkhhkhkhkhkkhkhkkk

* % ok % % % * ¥ ¥ ¥ F X ¥ *

190 TF(XX(1).LE.15.0)TIEN
I1=INT(XX(1))
CALL €OPY(I1,1,ATRIB)
*

* CONVOY RATE IS ADJUSTED.
*

CALL RESHUF]
IF(XX(10).T0. 1.0)THEN
ATRIP(9)=50,0/ATRIB(11])
ENDIF
IF(I1.EQ. 1)THEN
TIME=TNOV
ATRTIB( 13)=TNOV
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*

SCUrDULE UFADY NF CONVOY ]

CALL ©CHPL(2,TIMD,ATRIR)
FYDIF
ATRIB(2)=2.0

*
* RREINITIALIZT ATTRIBUTE(Q) DUE TO RATE CHANGE
*
IF(XY(10).EN.0,0)THEY
ATRIB(9)=64.784/ATRIR(11)
ENDIF
CINTI=ATRIE( 12)
ATRIR(13)=TNOV
TIME=ATRTIB(8)/ATRIE(11)
*
* SCPEDULE TAIL ENTITY
*
CALL SCPDL(3,TIME,ATRIR)
IF(I1.E0.15)G0 TO 150
11=11+1
CALL COPY(T1, 1,ATRIR)
CALL RESHUF]
*
* PATE ADJUSTMENT
%*
IF(XX(10).E0.1.0)THEN
ATRIB(9)=50.0/ATRIR(11)
ENDIF
TIME=(TIME+(CINTI/ATRIT(11)))
IF(XX(10).5E0,0,0)THEN
ATRIR(9)=64,784/ATRIP(11)
ENDIF
*
* SCHEDULE HFAD ENTITY OF NEXT cnivoy
*
CALL SCIDL(2,TIME,ATRIE)
ATRIB(13)=TIMF,
%*

* RESCHEDULE TVENT #1 TO COXNTINUE PROCESS
*
CALL SCHDL(1,TIME,ATRIB)
150 XX(1)=¥v(1)+1
ENDIF
RETURN
200 CALYL ENTER(2,ATRIR)
RETURN
300 CALL ENTER(3,ATRIP)
RETUP™
R_ON CALL ENTER(B,ATRIP)
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) RETURN
L 1160 IF((N¥(INY.EC.O,0) JAND (ATRIR( 1) .GE. 1.0))TuREY
- ATRIR( 10)=14,2A4 /ATPIR( 1 1)
NS FYDIF
~
~ TF((YXCID)LECL 1) LAY (ATRIR( 1) EN. 1.0))TIEY
e ATRIR( 10)=14,784 /ATRIR( 11)
FXNDIF
) IF((XX(10).EN, 1.0) dANDL(ATRIP( 1) .GT. 1.N))THEN
o ATRIR(10)=20,00/ATRIR( 11)
. FNDIF
’ RETURN
A *
v * INTERDICTION OF coMuny #1 IEAD ELFMENT
*
;; 1200 IF((ATRI®(1).EC,.1.0).AND.(ATRIB(2).EO. 1.0).AND.
:ﬁ + (YX(10).FE0. 1) AND(XX(12).E0.0,0))THEN
A CALL SORTIE
") IF(YX(9).EN.0,0)THEN
%*
] * 2 KILLS SUBTRACTED OUT & EVENT TIME ADJUSTER
o %*
.- ATRIB(3)=ATRIB(3)-2
- ATRIR(16)=ATRIR( 16)+DTIMEP/6N.0
\': FLSE
- *
o * 2 KILLS SURTRACTED OUT & EVENT TIME ADJUSTED
*
N ATRIR(3)=ATRIR(3)-2
Yy ATRIP( 16)=ATRIR( 16 )+DTIME/60.0
e EMDIF
~ CALL MISSILE
o IF(NUMYIL.LE.S)THEY
" DTMIS 1=DTMIS /60,0 + 0.0
N *
:j * ADJUST ATTRIBUTF(3) CONVOY LENCTH CORRECTINN INCLUDES
3 * VTLLS FROM SORTIF,AVERAGE INTERVAL PLTWFEN VEHICLES
* ASSUMED(25450/2=37.5). CONVERSINN “MADL TO ¥'f,
> * SAME APPLIES FOR TWO ELSF STATE'!ENTS RELOV.
. * EUENT TIMF IS ADJUSTED DUE DELAY.
K *
- ATRIR(3)=ATRIB(3)-KIMVIL
- DELCH 1=ATRIR(3)
e IF(ATRIB(3).LT.0)ATRIB(4)=ATRIB(4)+ATRIB(3)
o ATRIR(R)=ATRIB(R)=( (NUMKIL*37,.5+2%37,5)/1000,0)
K- ATRIR( 16)=ATRIB( 16)+DTMIS ]
o ATRIR(10)=23.897/ATPIR(11) |
o X¥(12)=1.0 :
.- VALI=ATRIR( 16)
b~ ELSE IF(NIMKIL.LE.10)THEN
= DTMIS2=NTMIS2/60,0+0.0 |
e |
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N
s ATRIR(3)=ATRIR(3)=NI"V 1L,
_-__ NLLANI=ATRIP(3)

; TF(ATPTR(3)LT.MIATRIR(A)=ATRIR(L4)+ATRIN(3)
SR ATRIP(R)=ATRTIR(B)=( (N'PIFIL*37.542%%7.5)/1000,0)

o ATRIR( 1R)=ATRIP( 16)4+DTIE?
¥ ATRIP(10)=23.R97/ATRIR(11)
N YX(12)=1.0
VAL 1=ATRIB( 16)
LELSE

DTHIS3=DTMIS3/60,040,0
ATRIR(3)=ATRIR(3)-NUMVIL
DFLCH 1=ATRIB(3)
IF(ATRIR(3).LT.N)ATRIP(4)=ATRIR(4)+ATRIR(3)
ATRIB(8)=ATRIS(R)-((NUMVIL*37,542%37,5)/1000,0)
ATRIB( 16)=ATRIR( 16 )+NT:41S3
ATRIB( 10)=23.897/ATRIR(11)
¥X(12)=1.0
VAL1=ATRIB( 16)
CNDIF
*
* TAIL OF CONVOY #1 RESCHDULED WITIl NEW EVENT TIME.
*
*
ELSE TF((ATRIR(1).F0.1.0).AND, (ATRIB(2).EN.2.0).AND.
+ (YX(I0).EOL1L0) L ANDL (XY (12) .EC. 1.O))THES
ATRIB( 16)=(ATRIR(R)/ATRIR( 11))+VALI
ATRIR(3)=DELCH]
ATRIR(10)=23,987 /ATRIB(11)
ENDIF
RETURN
1300 ATRIB(1N)=4,0/ATRIB(11)
PETURN
1400  ATRIR( 1n)=3,.8R/ATRIB(11)
RETURN
1500 ATRIB(1M)=1,F24/ATRIR(11)
RETURK
1600 IF((YY(10).EQ.N.N).AND.(ATRIR(1).GE. 1.0))THEN
ATRIR(1N)=7 ,24/ATRIR(11)
TNDIF
TE((XX(10).E0.1.0) AND.(ATRIR(1).GT. 1.0))TIEN
ATRIR(10)=4 .74 /ATRIB(11)
ENDIF
PETURN
1700 IF((¥XX(10).EN0.1.0) . AND.(ATRIB(1).GT.1.0))THEN
ATRIBR(10)=2.5/ATRIR(11)
FNDIF
TF((XX(10).FO.1,0)ANDL(ATRIR( 1) .FQ. 1.N) AND,
+ (ATRIR(2).F0.1.0))THEN
TWAIT2=FFAUT(2)
ATRIR(10)=2.5/ATRIB(11)
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b ELST IF((NN(10) . FO,1.0) JAND(ATRIR( 1) FNLT.0) AV,
{ + (ATRIE(2).TA.2.0))THEx
L3 TUAIT2=FFAUT(?)
:;ﬂx ATRIR( 10)=(2.S+ATRIR(®))/ATPIR( 1))
oo TNDIF
o RETURY
“ - I8N0 ATRIB(1N)=12,92/ATRIRB(11)
- RETURN
A *
RS * UPDATE ARMOR VEHICLES TNTAL,NNLY TAIL OF CONVOY
Sy * EVITS HERE. THIS EVENT TAIL TIMF ELEMENT IS
ey * RECNRDED AND GAFMCF CALL IF LAST ELEMENT.
g * THIS IS LAST OF “IF" PRLOCKS THAT DENOTES ORDER OF
- * FINISH FOR LAST UNIT IS DEPENDENT OX
s * UPETHER IMTERDICTION OR NOT.
NS *
‘:i 1900  IF(ATRIPR(2).EQ.2.0)THEX
iy ATRIB( 14)=TNW-ATRIB( 13)
Y IF(NKRUNLEQ. 1)THEN
;f* WRIT(S,'(314,3F8.2)')1,NNRUN, POLICY,ATRIB(3),ATRIR( 1),
SN + ATRIR( 14)
A ENDIF
e ¥Y(23)=¥X(23)+ATRIR(3)
- TF((ATRIB( 1) .EN. 15.0)  AND.(XX(10).E0.0,0))THEN
) XX(28)=XX(28)+1
w
NN YN (19)=X¥( 19)+TNOW
i CALL GAFMGF
i ENDIF
- IF((ATRIR(1).EQ. 1.0) . AND.(XX(10).ED, 1.0))THEY
- XX(2R)=VX(28)+]
O XY 19)=YX(19)+THW!
.o CALL CAFMGF
AR ENDIF
A FXDIF
” RETURN
_ .
. -'_:‘ *
‘-:' hhhkhkhkdhkhkhkhdhhkhhkhkhhkhhkhhhkhhhkhhhkhhkhkhkkhkhkhhkhkhhhkhkhkkhhkhkhkhhkhkhhhkkhhkhhrhkkk
-;::-: *
N * ROUTF, GREEN (E'TITIES 16-31). EXPLANATION IS THE SAME AS GIVEN
~ * ABOVFE.. HOWEVER,EVENT 20,AMD ENTER NODES 4 & 5 FULFILL THE AROVE ROLES
*f; * OF 1,2, AMD 3,RESPECTIVELY. COMMENTS ABOVE APFLY TO SIMILIAR ARFAS IV
o * IN GREEN BELOW.
a3
.\:‘: hhkhkhkhhhhhkhhkhhhhkhhhhkhhhkhhhkrhkhhkhkkhhhkhhhkhkbhhkhkhkhhhhhkhhkhhkhhkkhhhhhhkhkkk
» *
- *
.’:: 2000 IF(XX(2).LE.31.0)THLY
P JI=INT(X¥X(2))
oo CALL COPY(J1,1,ATRIR)
o«
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Lr
AN
NN
-.:.\
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B .
SN
{
}?,:I CALL PESHUFD
Y IF(J1.EN. 16)THEN
NN TIME2=TNON
- ATRIT( 13)=TNOY
CALL SCHDL(4,TIME2,ATRIR)
AT FNDIF
<2 ATRIB(2)=2.0
o TIME2=ATRIR(8)/ATRIR(11)
L2 CINT2=ATRIB( 12)
el ATRIB(9)=64,972/ATRIR(11)
) ATRIR( 13)=TX0U
. CALL SCHDL(S,TIME2,ATRIB)
~TA IF(J1.EN.31)G0 TN 2050
il J1=J 141
-3 CALL COPY(J1, 1,ATRIB)
i CALL RESHUF2
o TIME2=(TIME2+(CIKT2/ATRIB(11)))
v ATRIB(9)=64.972/ATRIR(11)
<o CALL SCHDL(4,TIME2,ATRIE)
) ATRTR( 13)=TIME2
oy CALL SCHDL(20,TIME2,ATRIB)
e 2059  XX(2)=XX(2)+1
EMDIF
3 RETURN
Yoe 407  CALL ENTER(4,ATRIR)
o RETURY
. 500 CALL EXTER(S5,ATRIP)
ﬁﬁ' RETUPN
, 900  CALL ENTER(®,ATRIB)
A RETUPY
s 2100 ATRIP(10)=7.628/ATRIR(11)
) PETURY
e 2200 IF((¥X¥(10).,LN.0.0) AND.(ATRIR(1).GE, 16.0))THUNY
" ATRTR( 10)=2 . 7/ATRIR( 11)
B ENDIF
- IF((XX(10).E0.1.0) .AND.(ATRIR( 1) .E0. 16.0))THEN
:i: ATRIR(10)=2,7/ATRIB(11)
~ N ENDIF
4N IF((XX(10).EQ.1.0).AND.(ATRIB(1).CT. 16.0))TIEN
S ATRIR( 10)=17 .42/ATRIR(11)
o ENDIF
o RETURN
~ : *
o~ * INTERDICTION OF UNIT #16. SEE EVEMNT 12 ARNVEC
o * SAME THOUGHT PROCESS APPLILS HERE AS ABOVEL,
w * WITH NUMBER OF CONVOY AS EXCEPTION.
*
- 2300 IF((ATRIB(1).FEN.16.0).A¥D.(ATRIB(2).EQ.1.0).AND.

+ (XX(10).EQ. 1) ANDL(XX(13).EN.0.0))THEN
CALL SORTIE
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! TFP(NN(Q) BN, 0,0)THEN
o ATRIR()=ATRI"(3)-2
2 ATRTR(16)=ATRIR( 16)+DTINID/AN, 0
w FLSE ,
. ATPIB(3)=ATRIN(3)-2 4
- ATRIP( 16)=ATRIB( 16 )+DTIVE/6N.0O
; TEDIF
o CALL MISSILE
. IF(NI™YTL.LE.S)THEN
- NPTHMIS 1=NTHIS1/60.0 + 0.0
- ATRIB(3)=ATRIB(3)-1TUMKIL
v TF(ATPIB(3).LT.N)ATRIB(4)=ATRIR(4)+ATRIR(3)
ATRIR(R)=ATRIR(2)=((NUMVIL*37.542%37,5)/1000.0)
e ATRIR( 16)=ATRIR( 1A)+DPTHIS ]
" ATRTP( 10)=10,568/ATRIB(11) ,
. ¥¥(13)=1.0 ~
N VAL2=ATRIR( 16) .
N ELSE IF(NUMKIL.LE.10)THEN y
) DTMIS2=DTMIS2/60.040.0
. ATRIB(3)=ATRIB(3)-NUMKIL
> DELCH2=ATRIB(3)
N TF(ATRIP(3).LT.0)ATRIB(4)=ATRIR(4)+ATIIR(3)
e ATRIB(S)=ATRIB(E8)-( (MIMKIL*37.542%37,5)/1000.0)
- ATPIR( 16)=ATRIR( 16)+DTMIS2
ATRIB( 10)=10,568/ATRIE(11)
o YX(13)=1.0
» VAL2=ATRIP( 16)
- ELSE \
. DTMIS3=DTMIS3/60.0+0.0
A ATRIP.(3)=ATRIBR(3)-NUMKIL -
DELCIH2=ATRIP(3)
. TIF(ATRIB(3).LT.0)ATRIR(4)=ATRIP(4)+ATRIN(3)
s ATRIB(R8)=ATRIB(R)=((NUIKIL*37,54+2%37.5)/1000.0)
N ATRIR( 16)=ATRIR( 16)+DTMIS3
: ATRIB(10)=10,56R/ATPIR( 11)
2 ¥X(13)=1.0
VAL2=ATRIB( 16)
0 F DIF
- ELSE IF((ATPIR(1).F0.16.0).AND.(ATRIB(2).EN.2.0).AND.
X + (YX(10),EN.1.0) . AND.(XX(13).FN, 1.0))THEN
) ATRIR( 16)=(ATRIR(R)/ATRIB( 11) }+VAL2
. ATRIB(3)=DELCH2 :
T ATRIB( 10)=10.568/ATRIR( 11) s
ENDIF X
L) RETURY :
¢ 2400 RETURN A
" 2500 ATRIR(10)=10.56R/ATRIR(11)
PETUPN
T 2600 IF((XX(10).EQ.0.0).AKD,(ATRIR(1).CF,1A.0))THEN
- ATRIP( 10)=5.9/ATRIR(11)
v
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NS 82
TPC(NYCI0) IO 1O LASD U (ATRIP( 1) TN 1A 0) LAY,
+ (ATRIP(2).70.1.N))THEY
TUATT3=FFAuT(3)
ATRIR(IM=3.5/ATRIN( 1))
FLSE IF((YX(IN)ECLL.0) AND(ATRIR( 1) E0. 1A.0) L AND,
+ (ATRIR(2).FEC.2.0))THEN
TUATIT3=FFAUT(3)
ATRIR( 10)=(3.5+ATRTIR(R))/ATRIB( 1))
ENDIF
IF((YX(10). L0 1.0) . ANDL(ATRIB(1).GT. 16,0))THEN
ATRIB( 10)=2.4/ATRIR(11)
ERDIF
PETURN
2700 IF((XY(10).F0L 1.0) AL (ATRIP(1).CT.16,0))TH=™
ATRIB(10)=2.01A/ATRIR(11)
ENDIF
IF((XY(IN)ECL LO) JANDL(ATRIR( 1) .EN, 16,0))THEY
ATRID( 10)=2.4/ATRIR( 1)
EXNDIF
RETURN
2R0N  ATRIP(10)=1.344/ATRIB( 1Y)
RETIPY
2000 ATRIB(1NM)=12.292/ATRIR(11)
RETURY
3000 ATRIB(10)=13.628/ATRIR(11)
RETURN

* SEFE FEVENT 19 AROVE,SAML THOUGHT APFLIES HERE.

3100  IF(ATRI®(2).EC.2.0)THEF

ATRIB( 14)=TNOW-ATRIP( 13)

IF(NNRUNLEO, 1)THEN
URTTE( 15, ' (314,3FR.2)')2, " RUN, PNLICY , ATRTR(3),ATRIB( 1),

+ ATRIB( 14)

ENDIF

YX(24)=XX(24)+ATRIR(3)

TF((ATRIR(1).EN.31.0) AND (XY (10).EN.0.0))THED
NV (28)=XX(28)+1
¥X(20)=Y5(20)+TNO"!
CALL CAFMGF

EKDIF

TF((ATRIP(1).EN.16.0) . AND.(¥X(10).EC. 1.0))THEN
YX(28)=¥X(28)+] |
VY (20)=YY(20)+T IOV !
CALL CAFMGF

ENDIF

THDIF

RETURY
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*

* DOUTE RUN (ENTITINS 32-44), FYPLANATION IS THD SAYF AS CIVeEr AvoyTo

* HOWEVEDR,FVENT 32 AND FEXTER NODTS 6 & 7 FULFILL TS ABOVE PNIRS Nr

* 1,2, 3, PESPRATIVELY. COMMENTS ARDVE 1M BLUR APPLY I RED AC 711,
*

L R T T T F T T P R R T R T T T TR T AT P L T T
*

*

3201 IF(XX(3).LE.44.0)THEN

¥ 1=INT(XV(3))
CALL COPY(Y.1,1,ATRIRB)
CALL RESHUF3
IF(V1.E0.32)THEY
TIME4=TNOV
ATRIP( 13)=TNnW!
CALL SCHDL(6,TIMEL,ATRIB)
ENDIF
ATRIP(2)=2.0
CINT3=ATRIR( 12)
ATRIB(9)=56.628/ATRIR(11)
ATRIR( 13)=TNOU
TIME4=ATRIB(8)/ATRIB(11)
CALL SCHPL(7,TIME4,ATRIR)
IF(K1.F0.44)CO TO 325N
¥ 1=l 1+1
CALL COPY(K.1, 1,ATRIR)
CALL RESHI'F3
TIME4A=(TIMEA+(CINT3/ATRIB(11)))
ATRIP(9)=56.628 /ATRIE(11)
CALL SCHDL(6,TIME4 ATRIPR)
ATRIR( 13)=TIME4
CALL SCHPL(32,TIMR4,ATRIE)
3259 XX(3)=YY(3)+]
CMDTF
PETURN
6NN CALL ENTAR(6,ATRIPR)
PRTUP™
700 CALL ENTER(7,ATRIP)
RETUPN
10NN CALL ERNTER(1N,ATRIR)
RETURN
3300 IF((YX(10).EN.0.0) AND.(ATRIR(1).GR.32.N))THEN
ATRIB(1M)=11.616/ATRIR( 1)
ENDIF
IFC(ATRIR(1).T0OL32.0) JANRL (XY (1IN LEO. 1.0))RETUPY
TFC(XX(IM)ECLLL0)LAYDL(ATRIP( 1).GT.32.N))THRN
ATRIR( IN)=(21.554+6,048)/ATRIB(11)
ENDTF
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*
FOINTREDIATION AF MNIT #32, SRR EUTT 12 FOR EVDLAYATIAS,
*
3400 TF((ATRIR(1).E0.32.0) AND(ATRIR(2).EC, 1.N) . AN,
+ (XVOIN)FEOL D) LANDL(XX(14) .EO, 0 N)ITHER

CALL SORTIF

TF(¥¥(9).E0.0,0)THDN
ATRIR(3)=ATPIR(3)=-2
ATRIR( 16 )=ATRIB( 1A)+NTIMEP/6N,.N

FLSF,

ATRIB(3)=ATPIB(3)~-2
ATRIR(M)-“PIR(16\+m'1“r/6q 0

EMDIF

CALL MISSILE

IF(NUM™KEIL.LE.S)THEN
DTMIS1=DTIISI/6D.0 + 0.0
ATRIBR(3)=ATPIR(3)=-MIIVIL
DELCH3=ATRIR(3)
IF(ATRIR(3).LT.ND)ATRIE(4)=ATRIB(4)+ATRIRB(3)
ATRIR(8)=ATRIR(B)~((NI™MKIL*37,542*%37.5)/1007.0)
ATRIP(16)=ATRIR( 16)+NTMIS]
¥X(14)=1.0
VAL3I=ATRIR( 16)

ELSE IF(MUMYIL.LE, 1Q)TUCY
DTMIS2=DTMIS2/60.0+1,0
ATRIRB(3)=ATRIR(3)-NUMKIL
DELCHM3=ATRIR(3)
TF(ATRIB(3).LT.0)ATRIR(4)=ATRIB(4)+ATRIR(3)
ATRIB(8)=ATRIB(2)~( (NUMKIL*37,5+2%37,5)/1000.0)
ATRIR( 16)=ATRIB( 16)+DTIS2
YN(14)=1.0
VAL3=ATRIB( 16)

FLSE
PTHIS3=DTHIS3/60.040,0
ATRIR(3)=ATRIP(3)-NUMVIL
DELCH3=ATRIP(3)
IF(ATRIB(3).LT.0)ATRIR(4)=ATRIB(4)+ATRIR(3)
ATRIP(8)=ATRIB(8)-((NIMFIL*37,5+2%37,5)/1000.0)
ATRI®( 16)=ATRIR( 16)+DTMIS3
¥X(14)=1.0
VAL3I=ATRIBR( 16)

FNDIF

ELSE TF((ATRIB(1).FEN.32.0).A%D.(ATRIB(2).FN.2.0).AND.
+ (XY(10),ED.1.0)JAND(¥X( 14) EOL 1.0))THEN

ATRIB( 16)=(ATRIB(8)/ATRIR(11))+VAL3

ATRIR(3)=DFLCH3

THEAD3=ATRIB( 16)

ENDIF
RETURY
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3500 RETERY
FAOD  TFE((YX(I0) T 0. C)Y ANDL (ATRIR( 1) .0 32,00 TNy
ATPIR( 1V)=4 ,0/ATRIR(11)
FXNDIF
IF((ATRIR( ) ECL32.NM) AND (VY (1M . TN, 1. )M)Teey
ATRIR(10)=3.5/ATRIP(11)
E!I'DIF
TF((ATRIR( 1).CT.32.N) AND.(XX(10).EC. 1.0))THR
ATRIR(10)=11.72/ATRIB(1])
ENDIF
RETUPN
3700 ATRIR(10)=11.72/ATRIF(11)
RETURN
38N0  ATRIR( 1M)=10,.3/ATRIR(11)
RETURN
3900 ATRIB(10)=28,0/ATRIR(11)
RETUPY

*

SEF. EVENT 19 ABNVE,SAME THOUCT!! APPLILS.

4000 TF(ATPIR(2).FN.2.0)THEN

ATRIR( 14)=TN0U-ATRIB( 13)

TF(NNRUNLEN, 1)THEY
WRITE(15,"' (3T4,3FR,2)')3, MNRUM, POLICY, ATRTR(3),ATRIB( 1),

+  ATRIR(14)

EXDIF

XX(25)=X¥(25)+ATRIE(3)

IF(ATRIR( 1) .EQ.44.0)THEN
YX(28)=Y¥X(28)+]
XX(21)=XX(2 1)+TKOW
CALL GAFMGF

ENDIF
EMDIF
RETURY
END

*

*

dehkhkkhhkhhkhkhkhhhkhhkkhhhkhkhkhkhkhkhhkhkkkhkhkhkhkhhkhkhkhkhhkhkhhhhhhhkhkhhkhhhkkhhkkhkkkhkkkhk

*

* POUTE PLUT. THE FCLLCUIEC TIURCE SUPROUTINLS PREVENT UNITS FROM

* PASSING,FEACH OTU'ER ONCE ON THRE ROUTE OF MARCE. THE LEAD UNIT

* SETS THE COLUMN PACE. OTHER UNIT RATES ARE ADJUSTED DEPRENDING

* NN IF THEIR RATE IS LESS THAN OR EOUAL,O0R CREATER THAN THE

* LEAD UNIT RATE. THIS ASSUMES UNITS MAINTAIN SAME RATE.

*

R T Ly T e Y
*

*

SUBROUTINT. RESHUF1
COMMOMN/STOM1/ATRIB( 100),DD( 100) ,DPL( 100) ,DTNO', T1,MFA, MSTOD, NCLAR
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, NORDT TR NT HNRUN NNALT UTAPL,SS(100) , SSL10N)  THRYT TN
VY10

COMUON/UCN T /TINE TIMD ], T2 TIME 3, TINRA, TINGS, POLICY, PATE
,12,13,31,32,J3,PIF ), DIF2, DIF3, OTINE, PTINF P, NI L, DTIC D,
DT *1S2,DT1IS3,1,1]

SAVE/UCOH Y/

REAL TIME,TIMEQ,TIMC2,TIME3,TIMEL, TIMES,PIF1,DIF2,DIF3,
DTIME,DTIMEP, DTHIS 1, PTMIC2 DTMIS3, TIMOY

INTECER 1,11,12,13,3,J1,J32,33,%,L,M ¥ MLICY,ROUTE,
NUMKIL,NUPLAN, MSHOT

IF(ATRIP(1).F0. 1)THEY
XY.(4)=ATRIB(11)

ELSE IF((ATRIB(1).GT.1).A"D.(ATRIB( 11).LE.XX(4)))THEY
DIF 1=¥X(4)-ATRIR(11)
ATRIR( 11)=ATRIP(11)+DIF1

FLSE IF((ATRIB(1).GT.1).AND.(ATRIR(11).CT.X%(4)))THEX
DIF 1=ATRIB( 11)-XX(4)
ATRIR(11)=ATRIR(11)-DIF]

ENDIF

RETUR

1))

GRTELN

SURROUTIME RESHUF2
COMMON/SOOMT/ATRIB( 100) ,DN( 100) ,PDL( 100) ,PTNOY, TT,MFA, MSTOD, KCLMP
, NCRDR, NPRNT, NNRUN, NNSGLT, YTAPE, SS( 100),SSL( 100) , TNEXT, THOW ,
XX(100)

COXMNN/UCOM T/ TINE, TIME 1, TIME2, TINE3, TIES, TIMES, POLICY,ROUTE
,12,13,31,J2,J33,P1F1,DIF2,DIF3,DTIME, DTIMED, NUMKIL,DTMIS ],
DTHIS2,DTMIS3, I,

SAVE/UCOM 1/

PEAL TIME,TIMEI1,TIME2,TIMN3, TIME4 , TIMES,NIF1,DIF2,DIF3,
DTIME,DTIMER, DTMIS1,DTMIS2,DTHIS3, TIMEY

INTECER 1,11,12,13,J,J31,J2,J33,%,L,M,N, FOLICY,ROUTE,

NUMVIL, NUPLAN, MSHOT

IF(ATRIR( 1).E0.1A)THEXN
XN(5)=ATRIB(11)

FLSE IF((ATRIR(1).CT.16) . AND.(ATRIR(11),LE.XX(5)))THEN
DIF2=VX(5)-ATRIB(11)
ATRTIR(11)=ATRID(11)+DIF2

ELSE IF((ATRIR(1).CT.16).AND.(ATRIB(11).CT.XN(S5)))THE™.
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b
h
" DIF2=ATRIR( 11)-XY(5)
{ ATPTR( 11)=ATRIR( 11)=DIF2
w mOIT
2N OETURY
o
oy FD
2%, *
k]
- *
*NOUTE RED
% *
;{ *
14 SUBROUTINE RESI'UF3
49K COMMON/SCOMT/ATRIB( 100),DD( 100) ,DDL( 100) , DTN, TT, FA, HSTOT, NCLYR
- + ,NCRDR,NPRNT,MMRUN, NWSET, NTAPE, SS(100),SSLC100), TImXT, THOU,
+ XX(100)
’. COMMON/UCMM 1/ TIME, TIME L, TIME2, TIME3, TIMEA, TIMES, POLICY, ROUTF
L + ,12,13,31,J2,33,DIF1,DIF2,DIF3,DTIME, DTIMEP, NIMXIL, DTHIS 1,
- + DTMIS2,DTMIS3,1,J
S SAVE/UCOM1/
. REAL TIME,TIME1,TIME2,TIME3,TIME4,TIMES,DIF1,DIF2,DIF3,
as + DTIME,DTIMEP,DTMIS1,DTHIS2,PTHIS3, TINEY
‘ INTECER 1,11,12,13,J,J1,J2,J3,K,L,',™, POLICY,ROUTE,
+ NUMKIL,"UPLAY,MSHOT
*
*
: *
; IF(ATRIB(1).EN.32)TICY
o XX(6)=ATRIR(11)
2 FLSE IF((ATRIR(1).GT.32).AND.(ATRIB(11).LE.XX(6)))THEN
‘:( DIF3=X¥(6)-ATRIR(11)
- ATRIB( 11)=ATRIP( 11)+DIF3
: ELSE IF((ATRIR(1).GT.32).AND.(ATRIB(11).CT.¥XX(6)))THES
PIF3=ATRTB(11)-¥¥(6)
. ATRIB(11)=ATRIB(11)-DIF3
N ENDIF
n PETURY
; N\
s . FAD
S *
o *
> *
J_: *
o SUBROUTINE SORTIF,

COMMON/SCOM 1/ATRTR( 100),DN( 100),DDL( 100) ,DTHOW, T, MFA, MSTOP, NCLNR
+ ,NCRDR, NPRNT,NNRUN,NNSET,NTAPE,SS( 100),SSL( 100) , TNEXT, TNOV,

fo + XX(100)

kﬁ COMMON/UCOMY/TIME, TIME], TIME2, TIME3, TIF4, TIMES, POLICY, PAUTE
o + ,12,13,71,32,33,DIF1,DIF2,DIF3, LTIME, DTIMEP,NUMVIL, DT™TS T,
o + DTMIS2,DTMIS3,1,J

S SAVE/UCOM 1/

e RFEAL TIMF,TIML1,TIME2, TIME3, TIME4, TIMES, NIF]1,DIF2,DIF3,
N~
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NTIME L PTINET, DTS ), DTS2 DTS 3 TN
INTPCER T,11,12,13,,31,32,03,%, 1,0, N, PLIAY »nUTe
NPT NUPLAY, MennT

XX(9)=0.0

NUPLAN=YY(7)

IF(NUPLANLLE.O.N)TIEN
GO TN S1

ENDIF

NELAY TIME OMPUTED DEPENDING 0NN ROAD DAMACE.,

DTIME=TRIAG(30.0,34.0,38,0,5)
PTIMEP=TRIAG(10.0,12.5,15.0,6)
DO 5N N=1,2

PANDOM # DRAWH AXD TESTED RELOJ. IF RN .LR. 0.35
RNAD IS CUT,NTIERUISE RNAD NOT CUT,PUT PARTIAL RLOCK.

PASS=UNFR'(0.0,1.0,2)
WRITE(11,'(14,FB.2) "' )NNRUN, PASS
IF(PASS.LE.0,35)THEN

YX(D)=¥X(0)+]
FLSE
Y¥(9)=XX(9)+0.0
ENDIF
Y¥(0)=¥¥(9)+0.0
CONTINLUE
NUPLAN=NUFLAN - 2
X¥(7)=XUPLAN
RETUPN

END

SUBROUTINE MISSILE
COMMON/SCOMI/ATRIR( 100),DD( 107) ,DDL( 100) ,DTNOW, 1T, FA,MSTOP,NCLNP
, NCRDR, NPRNT, NNRUN,NNSET,NTAPE, SS( 100),SSL( 100) , TNEXT, TROY,
YX(100)

COMMON/UCOM Y/TINE, TIME Y, TIME2, TIME3  TIME4, TIMES, POLICY,ROUTFE.
,12,13,31,32,33 ,DIF),DIF2,DIF3,DTINE, DTIMCED, NUMKTL,DTYIS],
PTMIS2,DTIS3,1,)

SAVE/UCM1/

REAL TIME,TIME1,TIME2,TI™E3,TINMT4, TIMES,DIF],DIF2,DTF3,
DTIME,DTIMEP,DTHIS I, DTHIS2, DT 1S3, TINE

INTECEP 1,11,12,13,J,J1,32,J33,%,L,*,%,PPLICY,ROUTE,
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* *

* % % % % %

* * * ¥ ¥

+ NUMVTL MUPLAY MSHOT

VINT=0D.0

MUMYIL=0

NUHISS=XX(8)

IF(NUMISS.LE.NL,O0)THEN
€O TO 76

FEXDIF

DETERMINE DELAY TIME DEPEMDINC 0N LEVEL OF DAMACTK.

DTHIS I=TRTAG(15.0,18.5,25.0,8)
DTMIS2=TRIAG(22.5,30.0,37.5,9)
DTMIS3=TRIAG(30.0,41.5,50.0,10)
MSHOT=XX(11)

VEHICLE INTERVAL COMPUTED FOR EACH UNIT,ADJUSTMENT

IS MADE FOR INTLRVAL BETVERN COMPANIES(6*37.5 & 4*37.5)
ONCE AGATIXN AN AVERAGL INTERVAL IS USTD TO SURTRACT OUT
INTERVAL FOR COMPANIES.

IF(ATRIB(1).E0. 1.0)THEN

VINT=( (ATRIB(8)*1001.0-6%37,5)/(ATRIB(3)+ATRIB(4)))/N.2N4®
ELSE IF(ATRIB(1).F0.1A.0)THEN

VINT=( (ATRIR(8)*1000.0-6*37.5)/(ATRIB(3)+ATRIB(4)))/N.3N4R
ELSF. IF(ATRIR(1).FE0.32.0)THEN

VINT=( (ATRIB(8)*1000.0-4%37.5)/(ATRIB(3)+ATRIB(4)))/0.3048
ENDIF
DO 75 N=1,MSHOT

RANDN' # DPRAIN DETENDING ON VEHICLE INTERVAL
ATFROPRIATE RRAMNCH TA¥EN & NUMRER OF KILLS
COMPUTED.

SHOT=UNTRM(N.0,1.0,7)
MITE( 11, (14,FR.2) " )NNRUY, SUOT
TF(VINT.LE. 120.0)THEN
TF(SYOT.LE.0, 1074 )THEN
NUMKIL=NUMKIL40
FLSE TF(SHOT.LE.O.1142)TURN
NUMKTL=NUMKTL+1
ELSF. IF(SHOT.LF.0N.1260)THEN
NUMKIL=NUMKILA42
FLST IF(SHOT.LE.0.1498)THEY
NUMYIL=NUMKIL+3
FLSE TF(SHNT.LE.0.1836)THEY
NIMEIL=NUMK T L+4
FLST IF(SHOT.LE.0.2420)THE!
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{ TISE TF(SENT.LE.N.3472)THON
Ny MM TNV T L6
YR ELSE IF(S'MT.LN.0.S754)THEY
e FUMK T L=N MY T L4T

A FLSE

c RUMKIL=NUMKIL+8

) ENDIF

s ELSE

e IF(SIOT.LE.0. 1074 ) THEN

Lt NUMKI L=NIMET L0
Pt FLSE IF(SHOT.LE.O. 1498)THEN
L NUMEIL=NUMKTL4+]

. TLSE TF(SHNT.LF.0.2302)THEN
Lo MIMRIL=NUMKILA42

) ELSE IF(S!INT.LE.0.4592)THEN
T NIMEIL=NUMKTLA]

" CLSF

- NUMRIL=NUMYTL+4

ENDIF

ENDIF
NUMKIL=NITIFIL+D
75 CONTINUE
MIMISS=NIMT SS-MSUNT

X¥(8)=N1"11SS
76 RETIMY
EXD

*

*

*

*

%*
o SUSROITINE GATMGF
A COMINN /AN 1/ATRIP( 100),DD( 100) ,DDL( 10N) [ PTHOY, TT,MFA, USTOF, NOLNR
i + ,NCPDR,XTRNT, NNPUN,“NGET,NTATE,SS( 100),8SL( 101) , TNEXT, TNO,
N + XY(10n)

- COMMON/UCOM 1/TINE, TIME L, TIME2, TINE3, TIMF4, TIMES, TOLICY, RAUTE
i + ,12,13,J1,J2,33,PIF1,DIF2,DIF3,DTIME, PTIMEP, NUMKIL, DTVIS 1,
e + DTMIS2,DTM1S3,1,J
ot SAVE/UCOM 1/
=N REAL TIMFL,TIME],TIME2,TINE3,TIMES, TIMES,DIF1,DIF2,DIF3,

RO 4+ DTIME,DTIMEP,DTMIS],DTMIS2,DT*153, TIMEM

e INTEGER 1,11,12,13,J,J1,J2,J3,K,L,M,N, POLICY,ROUTE,
S0 + NMUMEIL,NUPLALK,MSHOT

L *

o *

- *

"o IF(ATRIR( 1) .EN. 15.N)TIEN

¥XX(22)=¥YX(22)+%¥(19)
NX(26)=XX(26)+¥XX(23)

719

ARG

)
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TLSE TF(ATRIR(1).E0.1.0)TUEY
YX(22)=¥¥(22)+¥¥(19)
YX(26)=XY(26)+¥¥(23)

FLSE IF(ATRIR(1).FQ.31.0)THE!
¥Y(22)=XX(22)+X¥(20)
XY(26)=XX(26)+YX(24)

ELSE TF(ATRIR(1).FEQ. 16.0)THEN
YX(22)=¥¥(22)+X¥(20)
XY(26)=XX(26)+X¥(24)

CLSE IF(ATRIR(1).F0.44,0)TREN
XX(22)=¥X(22)+X¥(21)
XX(26)=NX(26)+Y¥%(25)

FMDIF

IF(XX(2R).EN.3.0)THEN
XX(27)=XX(27)+(XY(26)/(¥¥(22)/3))

APPROPRIATE GLOBAL VAPIARLES UTDATED.

ORNER DEPENDINC ON WHETHER INTERDICTION OR NOT,
WHERTAS 44 ALMAYS FINISHES LAST MU'F TO 32 NOT BEING

DELAYED LIKE THE OTHER

* ¥ % % ¥ X *

* *

PART OF

SRITE(23, ' (214, 5FR,2) " )NNRUN, POLICY, XX( 15),%¥(16),Xx(17),

XY(18),%5%(27)

TATE USED IN MODLL VERFICATION,

WRITE(19,'(T4)')NNRUN

WRITE(19,' ("FINISH TIMES
WPITE(19,'("AVERAGS TIME
WRITE( 19, ' ("APMORED VEHICLES

ENDIF
PETURN
FND

" 3FR,2)VIXX(19),¥X(20),XX(21)
" FR.2)'IXX(22)/3
", F8.2)')¥X(26)
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APPENDIX B
SORTIE MODEL
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--------
--------

The model presented here was used to get an idea of
how to obtain a percentage figure of when the road could
be expected to be cut. After 1000 simulated bomb drops,
the number obtained was 0.35 for the parameters listed in
the program. After obtaining it, experienced personnel were
questioned about its appropriateness. Based on the general
consensus of those guestioned, this number was used as the
probability of cutting the road in subroutine SORTIE within
STOPEM.

The author gratefully acknowledges the expert assis-

tance of LTC Ivy Cook in the preparation of this model.
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PO MMOGRAY COOVEM(INPUT,0UTPUT, TATT 1)

i CONNN/UTCM T/ ACLDN0)
b PrAL A,TUETA, VPR CRETR,¥RNN] YEVDI SICHAL, STOYAY, VPRIME T, YOI ],
S +¥DIST],YRIST1,¥DIST2, YDIST2,YIND2, YRRD2 X0 FP '], YDIRIM 1, ¥ TRIM2,
o +YDPRIM2 XPRIME2, YPRIME2,Y3,%,¥1,%2,Y13,Y23,'AFTCTL, HAFTGTY
o INTEGER N,N1,C1,62,C3,C4,05
DATA A/40N0*0 .0/
_ THRTA=30,0
O WR=15.0
i CEPR=120,0
e Ml=1
q":-d' P=0 . 0
€1=0
€2=0
\]
5o €3=0
o C4=0
oo €5=0
A ¥=2.0
‘ Y13=0.0
S Y23=0.0
o XDPRIM 1=-30.0
= YDPRIM1=00.0
4 HAFTGTL=60.0
-0 HAFTGTH=25,0
*
- * XDTRI'*] & YDRIP1 ARE THE UPPER LEFT COORDINATES OF THE ROMP
DN * BOY,CORRESPONDING TN THE 2ND OUADRANT. THE 'AFTGTL & HAFTCTY
- * ARE THE DIYENSIONS OF HALF OF THT ROAD LENCTH AND WIDTH IN
A * FEET. IMSL SUBROUTINE IS CALLED TO GENERATE 4000 RANDNM
A * VARIATES USINCG THE SEED GIVEN RELOW AND PLACING THEM IN
e * ARRAY A,DIMENSIONED TO (1,400Nn), A TRANFORMATION OF
o * AYIS IS MADE TO THE NEW CONRDINATE SYSTRM, TN RELATION
N * TO THE RNAD. CEP FORMULA USED T THIS FORMULATION WAS
) * OBRTAINTD FROY (REF 10). THE ¥ VALUE REPPESENTS THE
N * RATIO OF REP TO DEP, THAT IS THTL RET = S*DIF DUE
N * TO THFE AIRCRAFT VELOCITY CONTRIRUTING TIF GREATFST
* LRROR. THL ANGLE OF ATTACK USED I THIS RUN VAS 30 DEGRRENS
o % \MICH SAYS THAT THE AIRCRAFT ATTACK 30 DEGREES OFFSET FROM
DA * THE ROAD AXIS.
-f(x *
o
= *
e CALL GONML(123457.D0,4000 A)
J:: X 1=XDPRIM I*COSN(THRTA)-YDPRI:' 1*SIND(THETA)
- Y1=XDPRIM I*SIND(THETA)+YDPRT'1 I*COSD(THETA)
N Y2=XD PRIV 1*COSD(THETA)+YDIRIM I*STND(THETA)
\;& Y2=XDPPIM IXSTND(THETA)-YRM I 1*CO3D(THTTA)
.53 SICMAX=CEPR/(N.6512 + ¥*0,564N)
:; STICMAY=K*SIGMAYX
¥ Al=(¥DIRINM1%2,0)*COSD(THETA)+HAFTGTY
- L *
o
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3 * IF TUR ANGLT IS LESS TEAY 1,TRCN THE NEYT COUPUTATION IS
i} * RYPASSFD PECAUSE Til ARGUMENT BLOUS U'T.
‘1;\; *
N IF(ARS(THRTA-00,0),LT. 1)50 TO )
- R=(HAFTGTU/XDTRTM 1) *TAND(TPRETA)=LAFT TL
o 1 MRINT*,
N PRINT*,
~ PRINT*,'K IS ',V
o PRINT*,'CEP IS ', CLPR
2 PRINT*,'THETA IS ', TULTA
A MRINT*,'Al ' Al
e PRINT*,'R ',R
-« PRINT*,'BOIR ROX LENCTI IS ', 180
PRINT*,'BOR ROX WIDTH IS ',60
Ay PRINT*,'TARGET ROX LENGTH IS ',2.0%!AFTCTL
b PRINT*,'TAPGET RNX WIDTH IS  ',2.0%HAFTGTW
Lo PRINT*,
b7 PRINT*,
) *
5 * 1000 BOMB DROPS ARE SIMULATED.
'.'\ﬁ *
3 N0 100 N=1,1000
ot XPND1=A(N1)*SIGMAX
o
b M= 1+1
YRRD 1=A(K 1)*SICMAY
- N1=21+1
~l XRED2=A(F 1) *STCHAY.
o N1= 141
N YRND2=A(N1)*SICMAY
=y N1=N1+1
[ - N *
2 * POMP DROPS ADJUSTED DUE TO RANCO!M IMPACTS.
:l‘.-: *
>
o Y2DIST1=X 4+¥RND2
e XIPIST 1=Y 14+XPND]
S Y2DIST1=Y I+YRND?
. YIDIST =Y 1+YRND]
- Y2DIST2=X 24XRND2
e Y IDIST2=Y2+¥RND]
o Y2DIST2=Y2+YRND2
%98 YIDIST2=Y2+4YRED]
D *
J'S.':'

i

* CHECK MADE TO DETERMINE IMPACT OF BOMRS, TESTED
* AGAINST THE ROAD DIMENSIONS.

...r
AN
PRI -
.;‘l"

- %
el TF((¥XIDIST1.CT.=IAFTGTY) .OR. (X IDTZT2.LT. A1) )TEEN
- C1=C 141
e o TO 35
< FMNDIF
L ia
250 IF(ARS(THETA).LT. 1.0)THEN
20
pr
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IF((YIDISTI OT.=UAFTCTL) WA (VY INIS T2 LTV HAFTCTI T T Y

Y13=0.0

nnoTO 300
FLSE

GO TO 359
EMPIF

EXDIF
IF(ARS(TPETA-97.0).LT. 1)THEN
FPRODI=YINIST1=-2 ,0*¥DPRT! ]
TF((YIDISTI.LT.PAFTCTL) .AND.(PROPI.CT.-UAFTCTL))THEN

[2=C2+1
¢o TO 100
FLST
€O TO 350
LNDIF
ENDIF
Y13=Y IDISTI+((YIDIST2-YIDISTI)/(X INIST2-X IDISTI))
+ *(~HAFTGTW-X INISTI)
300 TF((Y13.GE.P) JAND. (Y 13.LE FAFTCTL) )THEY
C2=C2+1
co TO 100
FNDIF
*
* THIS PART REPRESEMTS THE SECNND AIPCRAFT ATTEMPT TO
* CUT THE ROAD. PRINT STATFMENTS AND 00FITER VARIABLES ARE USKD
* T0 YEEP TRACY OF NUMPLP OF CUTS AMD '{ISSFS.
*
350 CONTINUE
TF((¥2DPISTI1.CT.-IAFTCTU} .OR.(¥2DIST2.LT. A1) )TH=N
C3=03+1
GO TO 450
EXDIF
IF(ARS(THRTA).LT. 1.0)TUEY
TF((Y2DIST1. AT =HAFTCTL) L ANDL (Y2DTS T2 LT BAFTOTL ) THEY
Y23=n.0
GN TO 400
FLSE
60 TO 450
ENDIF

FXNDIF

IF(ARS(THETA-90.0),LT. 1)THr:
PROD2=Y2NIST1-2 .N*¥DPT I*]
IF((Y2DISTI.LT.VAFTATL) JAND (PROD2,.CT.=HAFTCTL) )THEY

Ca=C4+]

c¢r TO 100
ELSE

CH TN 450
EXDIF

FADTF
Y232=Y2NDISTI+((Y2DIST2-Y2DICT1)/(X2DIST2-¥2DIST]))
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4 K(SUAFTOTUSYINISTI)

Lon IT((Y23, 0N, DY A (Y2 3, L, AR L)y T e
Ch=04+]
rooTo lf\’)
FIRIF
45N CONTINUE
CS=C5+1
100 CONTINUE
PRINT*
PRINT*,'# TIMES NOT CUT DUE TO ¥-DIPECTIN: #1 ' 7]
PRINT*,
PRINT* '# TIMDS FOT CUT DUR TO Y-DIRECTING #2 ' ,C3
PRINT*,
PRINT® 4 TIMES CUT PV #1 ' 02
PRLINT*®
PRINT*,'# TIMES CUT RY #2 ' C4
PRINT*,
PRINT*,'TNOTAL CUTS AR® ' ,224Ch
FRINT*>,
PRINT*,'# TIMES NOT CI'T AT ALL ',C5
END
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APPENDIX C

THREE-WAY AND FOUR-WAY ANOVAS
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The SPSS program for the four-way ANOVA is listed on

IS the next page. ANOVAs are listed in the following order:
cx‘h.

- . . . . .

Ny (1) four-way with interactions; (2) four-way without inter-

actions; (3) three-way with interactions; and (4) three-way

without interactions. The SPSS programs shows the ANOQOVAs

SN

.

=Q excluding the variable UINT, the all other units interval,
s because the reconnaissance interval also varied by the same
_\::\

N amount. By running SPSS with both of these factors, a

- P
"5

singular matrix resulted because both these columns represent

B
R )

the same thing. Excluding this factor gave the ANOVA table.

.
@ &
)
'

s’y
- ‘

s Tape 1 is a complete listing of all 256 simulation runs. The
columns from left to right on tape 1 represent run number,
o policy, length, rate, reconnaissance units interval, all

other unit intervals, and measure of effectiveness.
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PAGESTZF 50
e BILY NAME TAYE M IVTEPDIATION PueniTe)
2 VARTATLE LIST MLICY,LENCTP, RATE,PINT, "INT, VSHRAT
R VAP LARFLS MLINY, INTEPDIGTIAY ™MLICY/

LENGTH, COMVOY LEVGTH/
PATE,CONURY RATE/

PINT,RECOYN UNITS INTFRVAL/
UINT,ALYL, OTYER UNITS INTERVAL/

Tra
A

VEHRAT,ARMOREN VOYICLES TRR HATR

RECNDE LENCTH(N=1) (0.1=2)

RECNDT RATE(25.0=1) (22.5=2)

RECNHNT, PINT(25.N=1) (22.5=2)

RECODN UINT(4=1) (3.6=2)

v OF CASES UMM INN

INPUT FORMAT  FIXED(4X,F4.0,5F8.2)

LIST CASES CASES=20/VARIARLFS=AlLL

ANOVA VEHRAT BY TOLICY(1,4),LENGTH(1,2) ,RATZ(1,2),
RIMT(1,2)

STATISTICS ALL

PEAD INPUT DATA

FINISH
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VEVRAT
rY mMLICY
LENCTDY
RATC
RINT

INTERDICTION MLICY
CONVNY LENCTI!

CONVOY RATE

RFECNN UNITS INTERVAL

ANALYSTSES nFr VARTANCE
ARMORTD VEHICLES PER Nne»

* k k kx Kk Kk k *

* k k k& Kk k k k k k k k k Kk Kk k Kk Kk k k k k Kk k Kk k *k k k k k k F *x Kk Kk Xk

SNt NF MEAY SICYIF
SOURCE OF VARTATION SOUARES SNAUARE F NF F
MAIN EFFECTS 5n031.2N03 6 P3R.534 8° 4F1 0N
FOLICY 3193.753 2 1064,584 112,334 NAAD B
LENCTH 16.91¢8 1 14,912 1,792 . 183
RATE 1796.011 1_1796.011 189,514 001
RINT 24,521 1 24,521 2.597 . 100
2-WAY INTERACTIOMS 25.855 2 2.155 .227 .07
PLICY LENCTE 1.327 3 442 047 .ar7
rPoLICY RATE 4,082 3 1.36] . 144 .934
POLICY RINT .329 3 110 012 . 008
LENCTH RATE 006 ] 006 001 920
LETGTH PINT R.OR3 1 £.003 .853 357
RATFE, RINT 12.028 1 12.028 1.2¢0 261
3-WAY INTERACTINNS 32.083 0 3.208 .330 .970
MLICY LENGTH RATFE. LN58 3 .010 002 .00
POLICY LENGTH RINT .117 3 .N39 LS04 , 090
POLICY RATLE RINT .359 3 . 120 013 Jo0g
LENGTI PATE PINT 211,549 ] 31.549 3.32¢9 069
4-"7AY INTERACTIONS .522 3 174 1€ 007
POLICY LENGTH PATL # 522 3 . 174 NIf .07
RINT
FXPLAINED 5089, 664 164,193 17,324 001
RESIDUAL 2122.837 9.477
TOTAL 7212.501 28,274

256 CASES WERE PROCESSED.
0 CASES (

N PCT) WERE MISSING,
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* ok ok ok ko kk ANALYSIS OF VARTANAT %%+ &k k&
. VEPPAT  ARMOPED VLNIALTS PR 0T
N PY POLIZY  INTORRIATION MLICY
N LEFGTH  CONVOY LENGTH
= RATE CONVOY RATE
"y RINT REAON UNITS INTERVAL
* *

Xk k % k * X kx k k k *x * k k * k % *x * * k k k k * Kk k k Kk k %k k Kk *

o s NF MLAN SICNIF
{-'. SOURCFE. OF VARIATIOW SOUARES DF SNUAPT, F nE F

MATYN TFFECTS 5031.203 6 23€,534 05,72N0 AR

v POLICY 3193,752 o 106L,584 121,525 001
1

1

1

.j& LENGTH 16.918 16,912 1.931 .164
S RATE 1796.011 1796.011 205,019  ,00)
o RINT 24,521 24,521 2.799  .09%

E¥YPLAINED 5031.203 6 ?38.534 95,720 .0N1
N RESIDUAL 2181.298 249 2.760
TOTAL 7212.501 255 28.2p4

N 256 CASFS WERE PROCESSED.
0 CASES ( O POT) WERE MISSING.
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VEHRAT ARMNDEN VYEMTCLTS PLP BNTUR
RY MLICY IYTERDICTION PILICY
RATE COXNOY RATE
PINT PECNAY UWITS TIRTEPVAL
* k Kk X k Kk k k k k k k k k k k k k k Kk k & k k k k k k k k k k £ X kX > *

st NF MEAN SICYIF
SOURCE OF VARIATION SCUARES DF SNUARE F N¥ F
MAIN EFFECTS 5n14.285 5 1002.R57 110.335 NNl
MmLICY 31923.753 3 1064.584 117,126 AL
RATE 1796.011 1 1796.011 197.597 LN
RINT 24,521 1 24,521 2,498 . 102
2-"JAY INTRERACTIONS 16.439 7 2.34F 258 .96
POLICY RATE 4,082 3 1.361 . 150 .a3n
POLICY PINT .320 3 110 012 .097
RATE PINT 12,0287 ) 12.028 1.323 .251
3-1'AV INTERACTINNS .359 2 . 120 .N13 .09
POLICY PATE RINT <359 3 <120 .N13 .998
EXPLAINED 5031.083 15 335.406 36,901 001
RESINDUAL 2121.418 240 o,nea
TOTAL 7212.521 255 28.284

256 CASES WEPE PRONCESSED,
N CASES ( 0 PCT) WEPF ISSING,
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-l PATE CANYOY BATE
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] * Kk k %k % % k k k ¥ %k Kk * k k k %k k k & Kk k *x * k k k k k k k k * & *k % *x

! St NF HIE AN SIGY1F
- SOURCE OF VART*TION SCUARES DF SQUANT r OF F

1002,257 114.054 L0017
1064,584 121.074 NAILD!
1796.011 204,258 JNN]

24,521 2.789 .096

. MAIN TFFECTS 5014,295
= POLICY 3193.753
RATE 1796.011

. RINT 24,521

—d e f N

oy EYPLAIKED 5014,285 5 1002.857 114,054 001
RESIDUAL 219%,216 250 R.793

A TOTAL 7212.501 255 28,284

N 256 CASES 'JERF PROCESSED.

0 CASES ( N peT) WERPE MISSING.
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:_::':. Tape 1
L 1] n.ND 25,00 25,00 4,00 74,57
! 21 0.0 25,00 25,00 4,00 TR 40
,_q: 1 N.NN 25,00 25.00 4,00 85,70
-7 4 1 nN.00 25,00 25,00 4,00 1,40
o2 s 1 0,00 25.00 25,00 4,00 BN.74 #
4 6 1 0.00  25.00  25.00 4,00 84,64
7 1 0.0n 25,00 25,00 4,00 82,75
, e 0.07 25,00 25,00 4,00 07,53
o 9 1 0.00  25.0n 22,50 3,60  R3,38
e ] 1 N.0n 25,00 22,50 3,40 £3.P]
e 11 1 0,00 25.00 22,50 3,60  77.42
v 12 1 0.00  25.0n  22.59 3.60 84,85
A 13 1 0,00 25.A0 22,50 3,60 77,33
~a 4 0.00 25,00 22,50 3.60  R0,5%
o 15 1 0.00 25,00 22,50 3.60  79.49
i % 1 0.00 25,00 22,50 3.60  £3.e8
S 17 1 0.00 22,50 25,00 4,00 77,51
o 181 0.00 22,50 25,00 4.00  75.7%
- 19 1 0.00  22.50 25.00  4.00 75,62
eS 21 1 0.00  22.50 25,00 4,00 80,82
Bl 21 1 n.00 22,50 25,00 4,00 75,86
i: 2 ] 0.00 22,50  25.00 4,00 74,47
¢:1 23 1 n.nn 22,50 25,00 L,oon 77,32
o0y 26 1 0.00 22,50  25.00 4,00 75.49
i 25 1 0.00  22.50 22,50 3.60 76,59
vl 26 1 n.00  22.50 22,50 3.60  73.43
o 27 1 0.00 22,50 22,50  3.60 81,20
b 22 1 n.00 22,50 22,50 3.6n  72.31
N 200 1 0.00 22,50 22,50 3,60 73.95
Vo 31 1 0.00 22,50 22,50 3.60 77.n°
) 31 1 0.00 22,50 22.50 3.60 74,94
= 32 1 0,00 22.50  22.50 3,60 £2.32
= 33 1 .10 25,00 25,00 4,00 79,99
o %1 .10 25,00 25,00 4,00 80,40
yQy 25 1] .10 25,00 25,00 4,00  75.87
N 36 1 .10 25,00 25,00 4.0  R5.”4
37 1 .10 25.00 25,00 4,00 RA,54
£ 38 ] L1000 25,00 25.00 4,00 86,95
- 39 1 .10 25,00 25,00 4,00 82,59
D 41 1 .10 25.00 25.00 4,00 86,65
-1 41 1 .10 25.00 22,50 3,60 91.28
o 42 1 .10 25.00  22.50 3.60 80,52
— 43 1 .10 25.00 22,50 3.60 80,97
o 44 1 .10 25,00 22.50 3,60 81.54
o 45 1 .10 25.00 22,50 3.60 82,97
i 46 1 .10 25.00 22,50 3.60  RK,N6
- 47 1 .10 25.00 22,50 3.60  P5.64
o 48 1 .10 25.00 22,50 3.60 84,18
49 1 L1000 22,50 25.00 4,00 75.64
33 51 1 .10 22,50 25,00 4,00 74,89
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APPENDIX D

TESTS OF STATISTICAL DISTRIBUTIONS
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SPSS tests for uniform distribution are presented
in this Appendix. The uniform distribution used in SORTIE
and MISSILE was tested using a Kolmogorov-Smirnov (K-S)
test. The SPSS program for this analysis precedes the
results. An alpha of 0.05 was used in testing a sample of
576 random variates. A sample of 100 of these 576 numbers,

tape 12, is shown following the SPSS results

Distribution of SORTIE and MISSILE

The K-S test done tested the following:

HO: The 576 random variates came from a Uniform
(0,1) distribution.

le The 576 random variates did not come from a
Uniform (0,1) distribution.

D = 0.057

crit = P.05,576
The underlined portion of the SPSS printout shows that the
computed value was 0.0253.

0.0253 < 0.057

|D| for alpha equals to 0.05.

< D _.
max crit

Therefore, the null hypothesis cannot be rejected.
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The following outputs from the model demonstrate the
model is working as intended. The first output shows the
information used in developing the measure of effectiveness.
Tape 18 shows no interdiction result on total number of
armored vehicles, the finish time for the last entity on
each route, and the MRD average finish time. This tape
shows a constant number of armored vehicles, but varyving
finish times. Tape 21, representing Policy four, shows the
variation of both time and vehicles. The last two tapes,
tapes 14 and 17, show the effect on order of finish and time
of finish for no interdiction and interdiction. Tape 14
represents no interdiction and 17 is interdiction. The
columns on tapes 14 and 17 from left to right represent
route number, run number, policy, number of armored vehicles,
unit number, and finish time. Thus, the model is maintaining
convoy order as originally intended. The last three pages
in this appendix represent selected print statements included
at strategic portions of the model to verifv the interdiction
subroutines. These show the sortie and missile attacks
results. All global variables are as explained at start of
SLAM coded portion of network, Appendix A. The 'AT' repre-
sents shorthand for attribute. The printed values show that

the model is working as intended.
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George A. Fulton was born on 6 October 1950 in
Corpus Christi, Texas. He graduated from Calallen High
School, Corpus Christi, Texas, in May 1969, and then
attended the United States Military Academy. He was awarded
a Bachelor of Science degree and was commissioned in the
Infantry in June 1973. Following completion of Infantry
Officer Basic Course and Ranger School at Fort Benning,
Georgia, he served with the 1st Battalion (M) 10th Infantry
at Fort Carson, Colorado. Upon completion of the Advanced
Infantry Course at Fort Benning in 1978, he was assigned
to Germany where he served as staff officer and later as
Company Commander for Headquarters Companv, ACE Mobile
Force Land (AMFL). Upon his return from Germany, he was
assigned in June 1981 to the School of Engineering, Air

Force Institute of Technology.

Permanent address: 3918 Leonard Drive
Corpus Christi, Texas 78410
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